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PREFACE  TO  THE  AMERICAN  EDITION. 


As  a  teacher  of  organic  chemistry,  I  have  felt  the  want  of 
a  small  book  on  the  subject.  There  is  no  lack  of  dictionaries 
and  encyclopaedic  works  on  organic  chemistry,  but  they  are 
too  large  for  use  in  a  college  course.  The  few  shorter  English 
text-books  are  not,  so  far  as  my  experience  goes,  well  suited 
for  teaching. 

The  following  work,  which  has  met  with  remarkable  suc- 
cess in  Germany,  and  which  the  author,  Prof.  Pinner,  has 
kindly  given  me  permission  to  translate,  is  founded  on  the 
system  of  teaching  developed  by  the  distinguished  chemist 
Prof.  A.  W.  Hofmann,  of  Berlin,  and  in  some  cases  follows 
his  lectures  quite  closely. 

The  intention  has  been  to  make  this  book  not  a  dictionary 
of  compounds,  or  a  work  of  reference  for  an  investigator,  but 
a  text-book  which  can  be  placed  in  the  hands  of  college  stu- 
dents. It  is  believed  that  a  student  who  has  carefully  studied 
and  faithfully  recited  this  book  will  be  able  to  take  up  under- 
standing^ the  larger  works. 

The  retrospects  at  the  end  of  each  group  afford  the  lect- 
urer an  opportunity  of  introducing  a  detailed  recapitulation 
of  the  facts  considered,  as  well  as  a  survey  of  the  typical 
reactions  and  theoretical  relations  of  the  various  classes  of 
substances.  Coming  in  this  place,  such  information  is  under- 
stood and  appreciated  by  the  student  who  has  become  ac- 
quainted with  the  compounds,  and  understanding  the  deriva- 
tion of  the  individual  members  from  each  other,  is  prepared 
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to  take  up  generalizations.  But  to  begin  with  broad  generali- 
zations and  the  consideration  of  involved  relations  among 
groups  of  compounds  with  which  the  student  is  not  acquainted, 
is  hardly  more  rational  than  to  undertake  to  teach  the  gram- 
mar of  a  language  by  lectures  in  that  language  to  students 
who  have  not  the  slightest  knowledge  of  its  vocabulary  or  its 
inflections.  The  unfortunate  manner  in  which  the  subject 
is  so  frequently  taught,  is  probably  the  reason  why  organic 
chemistry  is  so  often  looked  upon  by  students  as  a  mere  exer- 
cise for  the  memory,  and  a  dry,  unprofitable  study. 

In  no  other  science  has  there  been  such  remarkable  develop- 
ment as  in  Organic  Chemistry — the  chemistry  of  the  carbon 
compounds.  Not  so  many  years  ago,  Organic  Chemistry  was 
studied  by  but  a  few,  and  had  but  little  practical  importance. 
In  fact,  it  was  but  little  more  than  a  description  of  a  number 
of  disconnected  compounds,  most  of  which  occurred  in  plants 
and  animals. 

But  within  the  last  few  decades,  the  increase  of  facts  and 
compounds  has  been  almost  in  a  geometric  ratio.  It  is  no 
more  a  study  of  plant  extracts  or  animal  substances  alone,  but 
a  science  with  fixed  laws,  and  abounding  in  deductions  and 
inductions,  and  including  in  its  pursuit  a  remarkable  disci- 
pline for  the  student's  powers  of  reasoning  as  well  as  of  com- 
parison and  judgment.  The  applications  of  Organic  Chem- 
istry form  the  foundation  of  some  of  the  greatest  manufac- 
tures existing,  and  its  progress  involves  the  prosperity  of 
nations.  Some  of  the  greatest  problems  known  to  man  are 
being  slowly  worked  out  by  this  science. 

Instead  of  having  but  a  few  followers,  it  is  not  unsafe  to 
say  that  more  are  devoting  time  to  the  study  of  this  science 
than  to  any  other.  It  seems  to  be  the  foundation  of  many  of 
the  other  branches  of  study. 

The  explanation  of  the  vital  phenomena  of  animal  and 
vegetable  life — in  fact,  the  whole  subject  of  biology — the  study 
of  ferments  and  fermentation,  the  action  of  medicines,  the 
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nature  of  the  innumerable  organic  drugs,  and  the  myriads  of 
compounds  whose  effects  have  not  yet  been  studied,  make  the 
study  of  this  science  a  necessity  to  the  druggist,  physician, 
biologist  and  scientific  man. 

In  many  branches  of  manufacture  the  development  of  Or- 
ganic Chemistry  has  been  startling,  and  the  field  seems  to  be 
practically  unlimited.  The  production  of  the  brilliant  aniline 
colors,  alizarine  and  indigo,  the  fragrant  oil  of  bitter  almonds, 
and  many  valuable  drugs  from  the  waste  tar  of  the  gas  works, 
seems  to  the  uninitiated  little  short  of  the  miraculous. 

There  is  something  wonderfully  fascinating  in  the  endless 
variations  and  permutations  of  the  carbon  compounds,  the 
way  in  which,  with  a  few  atoms,  the  most  complicated  struct- 
ures are  built  up  or  torn  to  pieces  at  the  bidding  of  the 
chemist.  There  is  hardly  any  other  science,  with  perhaps  the 
exception  of  electricity,  that  affords  such  a  field  for  experi- 
mental investigation,  invention  and  practical  applications, 
and  this,  too,  with  the  use  of  but  little  apparatus  and  at  but 
a  slight  expense. 

In  this  book  the  endeavor  has  been  to  explain  the  subject 
systematically,  so  that,  with  but  a  slight  knowledge  of  chemical 
science,  the  student  is  able  to  advance  easily  to  the  most  com- 
plicated compounds,  and  can  at  any  place  trace  out  the  rela- 
tionships of  the  particular  compound  to  the  simple  ones  from 
which  it  is  derived.  It  is  believed  that  this  text-book  will  be 
found  to  be  indispensable,  not  only  to  the  professional  chemist 
and  student,  but  also  to  the  physician,  druggist  and  chemical 
manufacturer. 

In  translating  Prof.  Pinner's  book,  I  have  preserved  so  far 
as  possible  the  easy  lecture-style  which  is  characteristic  of  it, 
and  have  not  hesitated  to  employ  numerous  expressions  which 
have  come  into  use  in  working  laboratories,  and  which  recom- 
mend themselves  for  brevity  and  clearness. 

So  far  as  the  limits  of  the  book  allow,  I  have  introduced 
the  more  important  recent  discoveries  in  organic  chemistry, 
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and  have  made  free  use  of  the  literature  and  text-books  at 
my  disposal.  In  particular,  I  have  to  acknowledge  my  in- 
debtedness to  "  Watt's  Dictionary  of  Chemistry,"  the  "Hand- 
worterbuch  der  Chemie,"  the  English  edition  of  Wislicenus- 
Strecker,  and  the  large  work  of  Eoscoe  and  Schorlemmer. 

P.  T.  A. 
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INTRODUCTION. 


Lfer  since  the  composition  of  substances  first  began  to  be 
known,  and  to  be  used  as  a  means  of  classification,  compounds 
which  contain  carbon  have  been  considered  apart  from  those 
containing  the  other  elements.  This  was  partly  because  the 
number  of  the  carbon  compounds  was  so  enormous,  but  chiefly 
because  those  which  occur  in  nature  were,  with  a  few  excep- 
tions, produced  by  the  vital  processes  of  vegetable  and  animal 
Jne.  All  attempts  to  reproduce  them  from  their  elements 
failed.  It  was  therefore  supposed  that  it  was  impossible  to  pro- 
duce them  artificially,  and  that  they  were  formed  in  organic 
nature  by  the  influence  of  some  mysterious  force,  which  was 
called  vital  force.  Hence  the  name,  organic  chemistry.  Since 
that  time  multitudes  of  such  substances  have  been  produced 
from  their  elements,  and  the  assumption  of  a  vital  force  has 
long  ago  been  given  up,  but  the  name,  remains  in  use.  It  is 
termed  more  correctly  the  chemistry  of  the  carbon  compounds. 

The  carbon  compounds  which  occur  in  nature  contain,  be- 
sides carbon,  only  a  few  elements,  viz.,  hydrogen,  oxygen,  and 
nitrogen.  Some  contain  also  sulphur  and  phosphorus.  By 
chemical  means,  however,  almost  all  the  elements  have  been 
introduced  into  carbon  compounds. 

To  understand  the  naturo  of  a  compound,  it  is  necessary, 
first  of  all,  to  know  of  what  elements  it  is  composed,  and 
in  what  relative  amounts  they  are  present.  In  studying  or- 
ganic compounds,  therefore,  the  first  step  is  to  make  a  quali- 
tative and  quantitative  analysis  of  them.    As  the  methods 
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of  qualitative  and  quantitative  testing  are  usually  the  same, 
only  the  latter  will  be  noticed  here.  The  details  of  the  oper- 
ations will  be  given  in  the  Appendix. 

Carbon  and  hydrogen  are  always  determined  in  one  operation.  A 
weighed  amount  of  the  substance  is  heated  with  an  oxygen  compound 
which  gives  up  its  oxygen  easily  at  a  high  temperature,  as  cupric  oxide 
or  plumbic  chromate.  The  carbon  is  oxidized  to  carbonic  acid,  and  the 
hydrogen  to  water.  This  operation  is  called  combustion.  The  water  is 
absorbed  in  an  apparatus  containing  fused  calcium  chloride,  the  carbonic 
acid  in  one  filled  with  a  solution  of  potassium  hydroxide.  By  weighing 
the  pieces  of  apparatus  before  and  after  the  combustion,  the  weights  of 
the  water  and  carbonic  acid  absorbed  are  ascertained,  and  from  them  the 
the  amounts  of  hydrogen  and  carbon  are  calculated. 

Oxygen  is  not  estimated  directly,  but  is  calculated  as  the  difference 
between  100  per  cent,  and  the  sum  of  the  per  cents,  of  all  the  other  con- 
stituents. 

Nitrogen  is  estimated  in  two  ways.  (1.)  By  decomposing  the  substance 
in  such  a  way  that  the  nitrogen  is  given  off  as  a  gas.  The  gas  is 
collected  over  mercury,  and  from  its  volume  its  weight  is  calculated, 
allowance  being  made  for  the  temperature  and  pressure.  (2.)  The  de- 
composition is  so  conducted  that  the  nitrogen  is  converted  into  ammonia, 
the  amount  of  which  is  estimated. 

Chlorine,  bromine,  and  iodine  are  combined  with  silver  and  estimated 
as  silver  chloride,  bromide,  or  iodide,  after  destruction  of  the  organic  sub- 
stance by  ignition  with  caustic  lime,  or  by  oxidation  at  a  high  tempera- 
ture with  fuming  nitric  acid. 

Sulphur  and  phosphorus  are  converted  into  sulphuric  and  phosphoric 
acids  by  oxidation  of  the  organic  substance  (ignition  with  a  mixture  of 
potassium  nitrate  and  sodium  carbonate,  or  digestion  with  fuming  nitric 
acid).  The  sulphuric  acid  is  estimated  as  barium  sulphate,  the  phosphoric 
acid  as  ammonio-magnesium  phosphate. 

When  the  relation  of  the  amounts  of  all  the  constituents  of 
an  organic  compound  have  been  determined  by  the  foregoing 
methods,  the  numbers  representing  the  per  cents,  form  the 
first  step  toward  determining  the  chemical  formula  of  the 
compound.  If  the  number  representing  the  per  cent,  of  each 
element  is  divided  by  the  atomic  weight  of  the  same,  the  re- 
lation of  the  elements  to  each  other  is  obtained. 
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Suppose,  for  instance,  a  substance  composed  of  carbon, 
hydrogen,  and  oxygen  is  found  on  analysis  to  contain  40  per 
cent,  of  carbon,  6.6  per  cent,  of  hydrogen,  and  53.4  per  cent, 
of  oxygen.    Dividing  by  the  atomic  weights  we  have 

0  =  g=  ,3 

H  =  *?  =  6.6 

0  =  ^  =  3.3 

i.e.,  for  every  3.3  atoms  of  carbon  there  are  6.6  atoms  of  hy- 
drogen and  3.3  atoms  of  oxygen.  It  is  at  once  evident  that 
the  relation  of  carbon  to  hydrogen  and  oxygen  is  1:2:1. 
Hence  the  compound  contains  for  one  atom  of  carbon  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  or  CH20. 

The  formula  thus  obtained  by  no  means  expresses,  in  every 
case,  the  true  chemical  formula  of  the  substance.  It  shows 
only  the  relation  of  the  single  atoms  to  each  other.  There 
is  a  great  number  of  compounds  in  which  the  atomic  ratio 
1  C  :  2  H  :  1  0  exists.  One  of  them  is  a  gas  at  ordinary  tem- 
peratures, others  are  liquids,  some  are  solids,  and  further,  the 
liquids  and  solids  differ  greatly  among  themselves  both  in 
chemical  and  physical  properties.  But  all  of  these  compounds 
do  not  possess  the  same  molecular  weight,  that  is,  all  do  not 
contain  in  a  molecule  only  one  atom  of  carbon,  two  atoms  of 
hydrogen,  and  one  atom  of  oxygen.  In  some  cases  a  molecule 
contains  two  atoms  of  carbon,  four  atoms  of  hydrogen,  and 
two  atoms  of  oxygen,  or  double  the  simplest  relation,  in  others 
treble,  and  so  on. 

Hence  it  becomes  the  task  of  the  chemist,  as  soon  as  he  has 
found  out  the  percentage  composition  of  a  compound,  and 
thereby  ascertained  the  relation  of  the  atoms  to  each  other,  to 
determine  the  molecular  weight.  There  are  various  methods 
for  doing  this. 
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If  the  compound  is  a  gas,  or  can  by  elevation  of  the  tem- 
perature be  brought  into  the  state  of  a  gas  without  decomposi- 
tion, it  is  only  necessary  to  determine  the  weight  of  a  certain 
volume  of  the  gas  to  ascertain  the  molecular  weight ;  for,  as 
is  well  known,  the  weights  of  equal  volumes  of  different  gases 
at  the  same  temperature  and  same  barometric  pressure  are  in 
the  same  relation  as  their  molecular  weights,  because  equal 
volumes  of  gases  always  contain  an  equal  number  of  mole- 
cules, no  matter  how  different  the  gases  may  be.  If,  then, 
the  weight  of  a  volume  of  hydrogen  is  equal  to  two  (since  the 
weight  of  a  molecule  of  hydrogen  equals  two),  the  weight  of  a 
volume  of  chlorhydric  acid  gas  will  be  36.5  (H  =  1  +  CI  = 
35.5),  or  if  we  take  a  volume  of  hydrogen  as  equal  to  one,  the 

30. 5 

weight  of  an  equal  volume  of  chlorhydric  acid  gas  will  be  — 

A 

18.25.  A  volume  of  chlorhydric  acid  gas  weighs,  then,  18.25 
times  as  much  as  an  equal  volume  of  hydrogen,  weighed  of  course 
at  the  same  temperature  and  pressure.  Hence  if  we  did  not 
know  what  the  molecular  weight  of  chlorhydric  acid  was,  but 
had  found  that  it  was  18.25  times  heavier  than  hydrogen — in 
other  words,  we  had  estimated  its  weight  by  volume — it  would 
only  be  necessary  to  multiply  this  volume-weight  by  two  to 
obtain  its  molecular  weight.  The  molecular  weight  of  a  sub- 
stance is  always  twice  as  great  as  its  volume-weight  referred 
to  hydrogen  as  unity.  If  we  had,  then,  a  substance,  the 
simplest  formula  of  which,  according  to  analysis,  was  CH20, 
and  it  was  found  that  its  volume-weight  =  30,  Ave  would 
know  that  its  molecular  weight  would  be  30  x  2  =  GO.  But  the 
weight  of  a  substance  whose  formula  is  expressed  by  CH20  is 
C  +  2  H  +  0  =  12  +  2  +  16  =  30.  Hence  the  weight  of  our 
substance  must  be  twice  as  great  as  CH20,  that  is,  2C  + 
4H  +  20  =  C3H402. 

Let  us  assume  we  had  found  that  a  substance  whose  sim- 
plest formula  was  CH20,  gave  a  volume-weight  of  45.  The 
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molecular  weight  would  be  45  x  2  =  90,  or  three  times  as 
gnat  as  the  formula  CH20,  that  is  C3HG03. 

The  methods  of  estimating  the  gaseous  volume,  or,  as  it  is  generally 
termed,  the  determination  of  the  vapor  density,  of  substances  which  are 
solid  or  liquid,  at  ordinary  temperatures,  will  be  described  in  the  Ap- 
pendix. 

When  the  compound  is  a  base  or  an  acid,  the  molecular 
weight  can  be  estimated  by  analyzing  a  salt  of  it  and  calcu- 
lating the  relation  of  the  atoms  to  each  other.  Acetic  acid, 
for  instance,  is  a  substance  which  has  the  atomic  relation  just 
mentioned,  CH20.  It  is  an  acid  and  dissolves  silver  oxide, 
forming  a  crystalline  compound,  silver  acetate,  which  con- 
tains 

Carbon     =  14.4$  Oxygen  =  19.1$ 

Hydrogen  =   1.8$  Silver    =  64.7$ 

If  these  numbers  are  divided  by 
corresponding  elements,  we  have 

14.4 
0  =  ^  =  1.2 

H  =  t?  =1.8 

We  see  at  once  that  the  relation  of  the  silver  to  the  carbon 
is  as  1  :  2,  to  the  hydrogen  as  1:3,  and  to  the  oxygen  as  1  :  2. 
Hence  in  this  compound,  for  one  atom  of  silver  there  are  two 
atoms  of  carbon,  three  atoms  of  hydrogen,  and  two  atoms  of 
oxygen,  or  AgC2H302.  We  know,  however,  that  silver 
replaces  one  atom  of  hydrogen  in  acids.  Keplacing  the  atom 
of  silver  by  an  atom  of  hydrogen,  we  have  C2H408,  which  is 
the  molecular  formula  of  acetic  acid.  In  a  similar  manner 
organic  substances  of  a  basic  nature  can  be  examined.  Such 
bodies  unite  directly  with  acids,  so  that  by  determining  the 
amount  of  acid  with  which  they  unite,  the  molecular  weight  of 
the  compound  can  be  calculated.    If,  on  the  other  hand,  the 


the  atomic  weights  of  the 
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substance  is  neither  basic  nor  acid,  and  cannot  be  brought  into 
the  gaseous  state  without  suffering  decomposition,  then  only  an 
accurate  study  of  its  chemical  metamorphoses  will  lead  to  the 
determination  of  its  molecular  weight. 

The  formula  which  is  deduced  from  the  chemical  composi- 
tion and  the  molecular  weight  does  not  so  characterize  a 
substance  that  confusion  with  others  is  impossible.  There  is 
a  great  number  of  compounds  which  possess  the  same  com- 
position and  molecular  weight,  but  which  differ  greatly  in 
chemical  and  physical  properties.  There  are,  for  instance, 
five  substances  to  whose  composition  and  molecule  the  formula 
C3H60  corresponds.  The  differences  between  these  five  com- 
pounds can  only  arise  from  differences  in  their  internal  struct- 
ure, or  constitution.  Whenever  their  relations  do  not  show 
beyond  a  doubt  which  of  the  five  substances  is  meant,  it 
becomes  necessary  to  express  the  structure,  or  constitution,  in 
the  formula.  In  this  way,  what  are  called  constitutional 
(graphic,  glyptic,  structural)  formulas  have  come  into  use. 

To  obtain  a  clear  idea  of  constitutional  or  structural  for- 
mulas, we  must  review  certain  laws  which  have  already  been 
mentioned  in  inorganic  chemistry,  but,  owing  to  the  simplicity 
of  their  relations  in  that  branch  of  science,  have  not  received 
the  attention  that  they  here  require. 

SUBSTITUTION. 

Carbon  is  tetra-valent.  Its  tetra-valence  and  the  replace- 
ment, or  substitution,  of  the  elements  by  each  other  in  equi- 
valent amounts,  form  the  foundation  on  which  the  most 
complicated  compounds  are  built  up.  The  mono-valent  hydro- 
gen can  be  replaced  atom  by  atom  by  the  equally  mono-valent 
chlorine,  bromine,  iodine,  potassium,  or  silver.  One  atom  of 
chlorine  can  take  its  position  in  the  place  of  one  atom  of  hv- 
drogen.  It  occupies  the  same  position  as  its  predecessor,  and 
the  equi-valence,  or  equilibrium,  of  the  compound,  which  has 
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been  disturbed  by  the  exit  of  the  atom  of  hydrogen,  is  restored 
by  the  introduction  of  the  atom  of  chlorine,  which  has  the 
same  binding  power,  or  valence,  as  the  atom  of  hydrogen, 
being  equal  to  one.  An  atom  of  hydrogen  can  also  be 
substituted  by  an  equi-valent  amount  of  oxygen ;  but  since  the 
atomic  binding  power  of  oxygen  is  twice  as  great  as  that  of 
hydrogen,  as  seen  in  the  compound  H30,  one  atom  of  hydro- 
gen could  be  replaced  by  only  half  an  atom  of  oxygen.  Half 
an  atom  of  oxygen,  however,  cannot  be  imagined  and  does  not 
exist,  so  we  must  say,  more  logically,  that  an  atom  of  hydrogen 
can  be  substituted  by  half  the  atomic  binding  power  of  an 
atom  of  oxygen,  in  which  case  the  other  half  must  be  kept  in 
equilibrium  by  some  other  energy  equal  to  that  of  the  hydro- 
gen, or  one.  To  simplify  matters,  let  us  take  up  some  illus- 
trations. To  represent  the  degree  of  the  atomic  binding 
power,  or  valence,  we  shall  use  a  small  stroke  near  the  symbol. 
One  stroke  expresses  unity. 

I  1 
H"         "0"         N  -0- 

y  \  i 

Mono-valent      Di-valent      Tri-valent  Tetra-valcnt 

The  simplest  carbon  compound  is  composed  of  one  atom  of 
carbon  and  four  atoms  of  hydrogen  : 

H 

H-C-H 

I 

H 

In  this  compound  an  atom  of  hydrogen  can  be  substi- 
tuted by  an  atom  of  chlorine,  bromine,  iodine,  potassium, 
etc. 

H  H  H  H 

H-C-Cl;  H-i-Br;  H-C-I ;  H-^-K 

H  H  H  H 

Again,  an  atom  of  hydrogen  can  be  substituted  by  the  half 
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of  the  atomic  binding  power  of  oxygen,  the  other  half  being 
satisfied  by  some  other  mono-valent  atom,  as 

H  H 

H-C-O-K      and  H-C-O-H 

A  A 

We  see  then  that  the  group  ~0~K,  or  "OK,  and  "0~H,  or 
"OH,  can  substitute  an  atom  of  hydrogen  in  the  same  man- 
ner as  a  mono-valent  atom.  It  is  not  remarkable,  therefore, 
that  in  the  group  CH3  an  unsatisfied  bond,  or  valence,  is  free 
and  active,  and  can  only  be  rendered  inactive  by  an  equally 
great  energy. 

H 

H-C- 

A 

It  makes  no  difference  if  this  energy  is  the  entire  attractive 
power  of  a  single  atom  of  a  mono-valent  element,  or  the  re- 
mainder of  all  the  active  attractive  energies  of  an  atomic 
group,  so  long  as  its  amount  is  equal  to  one. 

Proceeding  in  the  same  manner,  an  H  can  be  substituted  by 
the  group  NH3  which  is  also  mono-valent,  or  by  the  group 
CH3: 

H       H  H  H 

H-C-N  and  H-C-C-H 

H    NH  HH 

The  last  formula  CH3"CH3  brings  us  to  a  new  carbon 
series,  in  which  all  the  substitutions  can  be  effected  in  the 
same  manner  as  with  the  simple  CH4.  We  shall,  however, 
continue  with  the  first  example,  CH4. 

So  far,  only  one  atom  of  H,  in  the  group  CH4,  has  been  sub- 
stituted by  a  mono-valent  atom,  or  atomic  group.    In  the  same 
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manner,  two  atoms  of  H  can  be  substituted  by  two  mono- 
valent atoms,  or  atomic  groups  ;  or  by  one  di-valent  atom,  or 
atomic  group. 

1)  2  H's  by  two  mono-valent  atoms  : 

H  H  H  H 

H-C-Cl;       H-C-Br;       H-C-I  :       H-CKBr : 
I  I  I 

CI  Br  I  CI 

(CH3C13)       (CH2Br2)        (CH8I8)  (CH8BrCl) 

2)  2  H's  by  one  di-valent  atom  : 

H  H 
H-C-.  ;  H-6-,  etc. 

(CH2=0)  (CH2=S) 

3)  2  H's  by  one  di-valent  atomic  group  : 

H  H 

II— C — |    ;  H— C — | 

L-N-H  Lc-H 
i 

H 

(CH2=NH)  (CH2=CH2) 

Further,  three  atoms  of  H  in  the  CH4  can  be  substituted 
by  three  mono-valent  atoms,  or  atomic  groups ;  or  by  one 
mono-valent  and  one  di-valent  atom,  or  atomic  group  ;  or  by 
one  tri-valent  atom,  or  group. 

H  H  H  HH 

Cl-C-Cl  Cl-6=0  CiN  CiC 

di 

(CHC13)         (CHCIO)        (CHN)  (H2C2) 

Finally  all  four  of  the  H's  can  be  substituted  by  four  mono- 
valent atoms,  or  groups ;  or  by  one  di-valent  and  two  mono- 
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valent  atoms,  or  groups  ;  or  by  two  di-valent  atoms,  or  groups ; 
or  by  a  tri-valent  and  a  mono-valent  atom,  or  group. 

CC14;         COCl2;         C02  ;         CN~  CI. 

We  shall  meet  later  a  great  number  of  substitutions.  Here, 
however,  it  is  only  necessary  to  keep  in  view  the  principle  that 
only  equi-valent  amounts,  or  equal  worths,  of  atoms  can  re- 
place each  other. 

Let  us  consider  one  of  the  examples  just  noticed,  viz.,  the 
substitution  of  one  of  the  atoms  of  H  in  the  group  CH4  by 
the  mono-valent  group  CH3,  or, 

H  H 

H-C-C-H 
I  l 
H  H 

or  CH3-CH3,  C2H6. 

In  this  compound,  which  is  more  complicated  than  the  pre- 
ceding CH4,  the  same  substitutions  can  be  effected  as  in  the 
group  CH4.  The  number  of  the  substitutions  derived,  how- 
ever, will  be  greater.  We  shall  also  meet  with  substances 
which  have  the  same  composition,  but  totally  different  prop- 
erties. 

If  in  the  group  CH3"CH3,  an  atom  of  H  is  substituted  by 
a  mono-valent  atom,  or  atomic  group  (for  the  sake  of  simplic- 
ity we  shall  again  choose  chlorine),  the  compound  CH3~CH2C1 
is  formed.  There  is  but  one  such  compound.  It  is  im- 
material whether  we  write  CH3"CH2C1  or  CH2CrCH3,  be- 
cause the  various  atoms  of  hydrogen  in  the  group  CH3"CH3 
act  in  an  entirely  equal  manner.  No  matter  where  the  atom  of 
chlorine  is  substituted,  it  occupies  the  same  position  in  relation 
to  the  carbon  and  hydrogen  in  space.  Hence  there  is  only 
one  compound  possible  which  has  the  composition  C3H5C1 
or  CH3"CH2C1.  It  is  different,  however,  when  a  second  H 
is  substituted  by  a  chlorine  atom.  There  are  now  two  cases 
possible.    The  second  chlorine  atom  replaces  an  atom  of 
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hydrogen  belonging  to  the  carbon  atom  which  already  possesses 
a  chlorine  atom,  thus  forming  the  compound  CH3~CH  Cl2, 
or  it  substitutes  an  atom  of  hydrogen  belonging  to  the  other 
carbon  atom,  and  the  compound  CH2CrCH8Cl  arises.  The 
relations  are  seen  at  once  in  the  constitutional  formulas : 

H  H  H  H 

Cl-C-C-Cl  H-C-C-Cl 
il  II 
H  H  H  CI 

Here  we  have  two  compounds  which  have  absolutely  the 
same  molecular  weight,  but  yet  must  possess  totally  different 
properties  because  the  different  relative  positions  of  the  chlo- 
rine atoms  influence  the  properties  of  the  compound  in  a  most 
marked  manner. 

Such  compounds,  possessing  the  same  composition  and  mole- 
cule, but  presenting  differences  in  properties,  are  called 
isomeric.  The  great  number  of  isomeric  compounds  has 
compelled  the  chemist  to  examine  deeply  into  the  structure  or 
constitution  of  them  ;  for,  as  has  just  been  observed,  in  this 
case,  only  the  dissimilarity  of  constitution  can  occasion  differ- 
ences in  properties. 

A  similar  case  of  isomerism  presents  itself  when  the  group 
CH3"CH3  contains  three  chlorine  atoms.  It  is  seen  at  once 
that  there  are  two  modifications  possible,  CH2CrCH  Cl3  and 
CH3~C  CI 3.    A  third  compound  is  not  possible. 

All  the  hydrogen  atoms  can  successively  be  substituted  by 
chlorine  atoms  or  other  elements,  or  atomic  groups.  The  only 
other  case  that  we  shall  examine,  however,  is  the  substitution 
of  a  hydrogen  atom  by  the  mono-valent  atomic  group  CH3, 
by  which  the  compound  CH3~CH2~CH3  is  obtained.  If  the 
same  substitution  be  continued  in  this  compound  we  shall 
obtain  either  CH3-CH8-CH8-CH3  or  CH3" CH"CH3,  both 

CH3 

C4H1U.    They  are  isomeric  because  in  the  one  case  the  car- 
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bon  atoms  hang  together  like  a  chain,  while  in  the  other  the 
three  carbon  atoms  are  bound  to  one  : 

H 

HHH  H_0_H 
j-C-H  ?    I  H 


H-C-C 
I    I  i 
HHH 


H-C— C— C-H 
I      l  l 
HHH 


By  substitution  of  0H3  in  these  two  compounds  we  obtain, 

1)  CH3-CH2-CH2-CH3-CH3  ; 

2)  CH3-CHa-CH-CH3      ==    C2H5-CH_CH3 ; 

CH3  CH3 

CH3 

3)  CH3-C-CH3 

CH3 
All  =  C5H18. 

In  this  case  there  are  three  isomers.  With  the  compound 
C6H14  the  number  will  be  much  greater.  With  the  increas- 
ing number  of  carbon  atoms,  the  number  of  isomers  increases 
with  extraordinary  rapidity  according  to  the  laws  of  permu- 
tations. 

These  compounds  consisting  only  of  carbon  and  hydrogen 
are  called  hydrocarbons.  Placing  them  in  a  series,  it  is  at  once 
noticeable  that  each  member  differs  from  the  preceding  one 
by  an  increment  of  CH2.  If  we  represent  the  number  of 
carbon  atoms  by  n  (n  being  any  whole  number  from  1  on), 
then  ths  number  of  H  atoms  is  2n  +  2.  The  series,  there- 
fore, possesses  the  general  formula  C„H2n+  s.  If  we  start  out 
from  the  compound  CH2=CH2,  that  is,  one  in  which  the 
carbon  atoms  are  held  together  by  two  bonds,  and  substi- 
tute in  this,  as  before,  an  atom  of  hydrogen  by  the  group  CH3, 
we  shall  have  CH2=CH"CH3,  or  C3H6.    Continuing  in  the 
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same  manner,  we  can  substitute  another  hydrogen  atom  by  a 
CH3,  obtaining  CH2=CH_CH2"CH3  and  CH2=C~CH3,  both 

CH3 

C4H3.  Proceeding  in  this  manner  the  following  series  is 
obtained  : 

C3H4  ;  C3H6  ;  C4H8  ;  C5H10. 

These  compounds  have  the  general  formula  CnH2„,  in  which 
n  denotes  any  whole  number  from  2  on.  A  body  CH2  is 
not  known,  and  from  the  tetra-valence  of  carbon  is  not 
probable. 

Two  carbon  atoms  held  together  by  three  bonds  give 
CH^CH,  or  C2H2. 

By  substitution  of  this  we  get  CH=C"CH3  =  C3H4,  so  that 
another  series  of  hydrocarbons  can  be  built  up,  C2H2 ;  C3H4  ; 
C4H6,  etc.,  which  fall  under  the  general  formula  C„H2„  _2, 
the  smallest  value  of  n  being  again  2. 

Series  of  which  each  member  is  derived  from  the  preceding 
member  by  the  replacement  of  an  H  by  a  CH3,  are  called 
homologous. 

All  compounds  having  the  general  formula  CJE[2„,  C„H2n_2, 
etc.,  can  be  converted  into  those  of  the  formula  C„H2„  +  2 ;  that 
is  to  say,  by  the  addition  of  hydrogen  the  double  and  treble 
binding  of  the  carbon  atoms  can  be  broken  until  only  the 
single  binding  remains.  Hydrocarbons  which  are  capable  of 
taking  up  more  hydrogen  are  termed  unsaturated,  or  unsatis- 
fied compounds.  Those  of  the  series  CnH2nf2,  not  being 
able  to  take  up  any  more  hydrogen,  are  called  saturated  com- 
pounds. 

C2H4  =  CIi2=CH2  can  take  up  two  more  atoms  of  hydro- 
gen, passing  into  C2H6  =  CH3"CH3.  In  the  same  manner, 
C2H2  =  CH=CH  by  combining  with  four  atoms  of  hydrogen 
forms  C2H6  =  CH3"CH3. 
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We  shall  now  proceed  to  the  study  of  the  individual  organic 
compounds,  taking  up  first  those  which  contain  only  one 
atom  of  carbon,  or  derivatives  of  the  hydrocarbon  CH4;  then 
those  containing  two  atoms  of  carbon  linked  together,  or 
derivatives  of  the  hydrocarbon  C2H6  ;  and  after  them  the 
derivatives  of  03H8,  and  so  on- 
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Methane  Compounds. 

Methane,  Methyl  Hydride,  Marsh  Gas,  Fire-Damp  ;  CH4. 

This  compound,  which  is  the  simplest  of  the  hydrocarbons, 
is  found  in  marshes  and  coal  mines  (fire-damp).  It  is  formed 
by  the  slow  decomposition  of  organic  substances  in  the  absence 
of  air.  At  some  places  it  streams  from  the  earth  (at  Baku); 
petroleum  gases  contain  it.  It  is  produced  by  the  dry  distil- 
lation of  many  organic  substances,  and  forms  an  important 
constituent  of  illuminating  gas. 

Methane  is  made  by  heating  a  mixture  of  sodium  acetate  with  an  excess 
of  sodium  hydroxide  : 

C2H3Na02  +  NaOH  =  Na2C03  +  CH4. 
Sodium  acetate  Sodium  carbonate 

It  can  also  be  made  synthetically  by  leading  hydrogen 
sulphide  and  carbon  disulphide  over  red-hot  metallic  copper  : 

CS2+2H2S  +  4Cu8  =  CH4+  4Cn8S. 

Carbon  disnl-  Cuprous  sul- 

phide Phlde 

It  is  a  colorless  and  odorless  gas,  which  condenses  to  a 
liquid  at  a  very  low  temperature  and  under  a  very  great  press- 
ure. The  volume-weight  of  the  gas  =  8  (i.e.,  it  is  eight 
times  heavier  than  hydrogen).  Its  molecular  weight  =  16. 
It  is  easily  combustible,  burning  with  a  scarcely  luminous 
flame  to  carbonic  acid  and  water.  When  mixed  with  air  or 
oxygen  it  forms  an  explosive  mixture  : 
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CH4  +  2  02  =  C02  +  2H20. 

This  mixture  constitutes  the  dangerous  "  fire-damp"  of  the 
coal  mines,  and  has  caused  many  frightful  explosions  when 
ignited  by  the  miners'  lamps.  The  introduction  of  the  Davy 
safety-lamp  has,  however,  greatly  reduced  the  danger  of  its 
presence. 

By  exposing  a  mixture  of  equal  volumes  of  methane  and 
chlorine  to  diffused  light,  the  first  chlorine  substitution  of 
methane  is  obtained : 

CH4  +  Cl8  =  CH3CI  +  HC1. 


Halogen  Substitutions. 

I.  One  H  of  the  Methane  is  substituted  by  a 
Halogen.    (Alkyl-halogens,   or  Alkylogens.) 

Methyl  Chloride,  Chlormethyl,  Mo no-chlor -methane,  CH3C1, 
does  not  occur  in  nature.  It  is  usually  made  by  the  action  of 
nascent  chlorhydric  acid  on  methyl  alcohol : 

CH40  +  HC1  =  CH3CI  +  H20. 

Methyl  alcohol  Methyl  chloride 

A  mixture  of  methyl  alcohol,  salt,  and  sulphuric  acid  is  heated,  and  the 
resulting  product  caught  over  water. 

Colorless  gas  with  a  pleasant  odor  and  sweet  taste.  Con- 
denses in  a  freezing  mixture  to  a  liquid  which  boils  at  —  21°. 
Vol.  wgt.  =  25.25.    Mol.  wgt.  =  50.5. 

Methyl  Bromide,  Brom-methyl,  Mono-brom-methane,  CH3Br, 
is  obtained  from  methyl  alcohol  and  gaseous  or  nascent 
bromhydric  acid  : 

CH40  +  H  Br  =  CH3Br  +  H80. 
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Bromine  is  allowed  to  drop  into  cooled  methyl  alcohol  containing 
amorphous  phosphorus.* 

Colorless  liquid  with  a  pleasant  odor,  boiling  at  5°.  Vol. 
wgt.  =  47.5.    Mol.  wgt,  =  95. 

Methyl  Iodide,  Iodomethyl,  Mono-iodo-metJiane,  CH3I.  From 
methyl  alcohol  and  gaseous  or  nascent  iodohydric  acid. 

CH40  +  HI  =  CH3I  +  H30. 

A  solution  of  iodine  in  methyl  iodide  is  added  gradually  to  boiling 
methyl  alcohol  containing  phosphorus. 

Colorless  liquid  with  a  pleasant  odor,  boiling  at  44°.  Ex- 
posed to  the  light,  it  becomes  yellow  to  red  from  a  partial 
decomposition.    Vol.  wgt.  =  71.    Mol.  wgt.  =  142. 

II.  Two  H's  of  the  Methane  are  substituted 
by  Halogens. 

Methylene  Chloride,  Dichlormethane,  CH2C12.  It  is  formed, 
together  with  CH3C1,  by  the  action  of  chlorine  on  methane. 
Also  from  chlorine  on  methyl  chloride.    But  little  known. 

Methylene  Bromide,  Dibrom-methane,  CH3Br2,  and 

Methylene  Iodide,  Di-iodo-methane,  CH3I8. 

As  these  three  compounds  are  produced  with  difficulty,  and 
have  been  as  yet  but  little  examined,  they  are  only  interesting 
as  members  of  the  series. 

*  The  compounds  of  phosphorus  with  chlorine,  bromine,  and  iodine, 
PCU,  PBr3,  PI3,  are  decomposed  by  water  into  chlorhydric,  bromhydric, 
and  iodohydric  acids. 

PCI3  +  3  HOH  =  P(OH)3  +  3  HC1 
PBr3  +  3  HOH  =  P(OH)3  +  3  HBr 
PI3    +  3  HOH  =  P(OH)3  +  3  HI. 

The  alcohols  act  in  exactly  the  same  manner,  except  that  the  organic 
rests  unite  with  the  chlorine,  bromine,  or  iodine.   These  reactions  will  be 
more  fully  considered  later  on. 
2 
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Methylene  iodide  is  made  from  iodoform  by  the  action  of  strong  iodo- 
hydric  acid  in  presence  of  phosphorus  : 

CHI3  +  HI  =  CHJ2  +  I2. 

Iodohydric  acid  sometimes  substitutes  retrogressivcly,  i.e.,  introduces 
hydrogen.  Phosphorus  is  added  to  unite  with  the  iodine  as  it  becomes 
free,  forming  phosphorus  tri-iodide,  which,  by  decomposition  with  the 
water,  yields  fresh  iodohydric  acid. 

III.  Three  H's  of  the  Methane  are  substituted 
by  Halogens.  (Forms.) 

Chloroform,  Tricldoi -methane,  CHC13,  is  also  a  product  of  the 
action  of  chlorine  on  methane  : 

CH4  +  3  Cl8  =  CHCI3  +  3  HC1. 

It  is  made  by  the  action  of  calcium  hypochlorite  (chloride  of 
lime)  on  dilute  alcohol. 

1  part  of  chloride  of  lime,  4  parts  of  water,  and  \  part  of  alcohol  of  0.85 
sp.  gr.,  are  heated  quickly  until  the  reaction  begins,  and  the  heat  then 
removed.  Chloroform  distils  over  mixed  with  water,  from  which  it  is 
afterwards  separated,  dried,  and  redistilled.  The  reaction  takes  place  in 
two  steps.  By  the  action  of  chlorine  on  alcohol,  chloral  is  first  formed, 
but  is  decomposed  into  chloroform  by  the  lime. 

C2H„0  +  4  CI,      =  C2HC130  +  5  HC1. 
Alcohol  Chloral 
2  C2HC130  +  Ca(OH)2  =  2  CHC13  +  Ca(CH02)2. 
Chloral  Chloroform  Calcium 

formate 

Chloroform  is  a  colorless  mobile  liquid  with  a  pleasant  odor 
and  sweet  taste.  Its  specific  gravity  at  0°  is  1.525,  at  17°, 
1.491.  It  boils  at  G2°.  It  burns  difficultly,  with  a  green-edged 
flame.  It  is  very  little  soluble  in  water,  but  imparts  its  taste 
and  odor  to  it.  Easily  soluble  in  alcohol  and  ether.  When 
pure,  it  sinks  in  water  without  causing  a  troubling  ;  but  if  it 
contains  alcohol,  the  water  above  remains  troubled  for  a  long 
time.  By  digestion  with  alcoholic  potassium  hydroxide  it  is 
decomposed  into  potassium  formate  and  chloride  : 
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CHCI3  +  4  KOH  =  CH02K  +  3  KC1  +  2  H20. 

Potassium  formate 

Ammonia,  in  presence  of  potassium  hydroxide,  converts  it 
into  potassium  cyanide  and  chloride  : 

CHCI3  +  NH3  +  4  KOH  =  KCN  +  3  KC1  +  4  H20. 

Potassium 
cyanide 

It  is  used  in  medicine  as  an  ana?sthetic.  For  this  purpose  it  must  be 
perfectly  pure  and  dry.  It  must  be  clear  and  transparent,  not  troubled 
(moisture).  It  must  have  the  correct  specific  gravity  and  boiling  point 
(contamination  with  alcohol  and  foreign  chlorides).  It  must  not  redden 
litmus  paper  or  cloud  a  silver  nitrate  solution  (free  chlorhydric  acid),  and 
should  give  no  precipitate  of  potassium  chloride  with  an  alcoholic  potassa 
solution  (foreign  chlorides).  For  the  production  of  chloroform  for 
medicinal  purposes,  only  a  pure  alcohol,  free  from  fusel  oil,  should  be 
used. 

In  the  arts,  chloroform  is  used  as  a  solvent  for  bromine, 
iodine,  alkaloids,  phosphorus,  rubber,  resins,  etc. 

Bromoform,  Tri-brom-metliane,  CHBr3.  Bromine  is  added 
to  a  solution  of  one  part  of  potassium  hydrate  in  one  part  of 
ethyl  alcohol  until  a  yellow  color  remains.  The  under  layer 
of  oil  is  bromoform. 

It  is  a  colorless  liquid  with  an  odor  similar  to  that  of  chloro- 
form.   B.  p.  152°.    Sp.  gr.  at  12°  =  2.9. 

Iodoform,  Tri-iodo-methane,  CHI3,  two  parts  of  sodium  car- 
bonate are  dissolved  in  ten  parts  of  water,  and  one  part  of  alcohol 
is  added,  the  whole  warmed  to  60-80°,  and  one  part  of  iodine 
gradually  added. 

Yellow  crystalline  leaflets  or  tablets  with  an  odor  like  saf- 
fron, fusing  at  119°.  It  cannot  be  distilled  in  the  dry  state 
without  partial  decomposition.  Quite  easily  soluble  in  alcohol 
and  ether. 

Its  use  in  medicine  depends  on  its  large  content  of  iodine.  It  acts  like 
iodine,  but  more  mildly. 
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IV.   Four   H's    of   the    Methane    are  substi- 
tuted by  Halogens. 

,  Carbon  Tetrachloride,  Tetra-clilor-methane,  CC14. 

Tetrachlormethane  is  the  final  product  of  the  action  of  chlo- 
rine on  methane,  methyl  chloride,  and  chloroform.  It  is  usually 
made  from  the  latter. 

It  is  a  colorless  liquid  with  a  pleasant  odor,  boiling  at  78°. 
It  is  decomposed,  by  digestion  with  alcoholic  potash,  into 
potassium  carbonate  and  chloride  : 

CC14  +  6  KOH  =  K2C03  +  4  KC1  +  3  H20. 

All  of  these  chlorides,  etc.,  when  treated  with  nascent 
hydrogen,  suffer  a  retrograde  substitution,  and  yield  methane. 
Sodium  amalgam  is  a  compound  of  mercury  and  sodium,  which 
decomposes  water  slowly,  giving  a  continuous  evolution  of 
hydrogen.  If  the  chlorides,  etc.,  are  treated  with  sodium 
amalgam  and  water,  methane  will  be  obtained  as  the  final 
product. 

CH3C1  +  H3  =  CH4  +  HC1 
CH3Clo  +  2  H3  =  CH4  +  2  HC1 
CHCI3  +  3  H2  =  CH4  +  3  HC1 
CC14      +  4H2  =  CH4  +  4HC1. 

General    reactions    of    the    Chlorides,  Bro- 
mides, and  Iodides  of  the  Hydrocarbons. 

On  account  of  the  ease  with  which  they  exchange  their 
halogen  atoms  for  other  mono-valent  atoms,  or  atomic  groups, 
the  chlorides,  bromides,  and  iodides  of  the  hydrocarbons 
(alkylogens)  serve  as  starting-out  points  for  the  production  of 
other  organic  compounds.  The  study  of  them  is  hence  very 
important. 

(1)  By  digestion  with  sodium  or  potassium  hydroxide,  the 
halogen  is  substituted  by  OH,  hydroxyl  : 

CH3I  +  KOH  =  CH3(OH)  +  KI. 

Methj  1  alcohol 
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In  the  higher  carbon  series,  potassic  hydroxide  generally 
splits  out  HC1,  HBr,  or  HI  from  the  alkylogens,  and  pro- 
duces a  hydrocarbon,  or  a  derivative  of  a  hydrocarbon,  of  the 
series  C„H2„.  This  decomposition  takes  place  particularly 
when  one  or  more  hydrogen  atoms  are  substituted  by  halogens  : 

1)  CH3-CH2_CH2I  +  KOH  =  KI  +  H30  +  CH3-CH=CH2 
or  CH3-CH,-CH3I  =  HI  +  CH3-CH=CH8 

2)  CH2Br~CH2Br    +  KOH    =  KBr  +  H20  +  CHBr=CH8 
CH2Br_CH2Br    +  2  KOH  =  2 KBr  +  2H20  +  CHECH. 

This  procedure  may  be  represented  as  taking  place  in  two 
steps.  In  the  first,  the  halogen  is  replaced  by  a  hydroxyl 
group, 

CH2Br"CH2Br  +  KOH  =  CH8Br-CH*(OH)  +KBr, 

this  then  combines  immediately  with  a  hydrogen  atom  of 
the  neighboring  carbon  atom,  thus  occasioning  the  double 
binding  of  the  carbon  atoms  : 

CH2Br-CH2(OH)  =  CHBr=CH2  +  H20. 

2)  With  potassium  sulphhydrate,  the  halogen  is  substituted 
by  SH,  sulphuryl : 

CH3I  +  KSH  =  CH,(SH)  +  KI. 

Methyl-mercaptan 

3)  Ammonia  effects  the  substitution  of  NH2,  amidogeti, 
(amide,  amine)  for  the  halogen  : 

CHJ  +  NH3  =  CH,(NH8)  +  HI. 

Methylamine 

4)  With  metallic  zinc,  the  zinc  compound  of  the  hydro- 
carbon is  formed  : 

2  CH3I  +  2Zn  =  cH3/>Zn  +  Zlyl*' 

5)  With  sodium  alkoxide,  the  ethers  are  formed  : 

CH3I  +  CH:{0Na  =  CH  ~Q~CH3  +  Nal. 

Sodium  mcthoxide  Muthyl-cther 
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6)  With  the  sodium  or  silver  salts  of  the  organic  acids,  the 
esters,  compound  ethers,  or  organic  salts  of  the  acids  are  pro- 
duced : 

CH3I  +  CH08Na=  CH3CHO2  +  Nal. 

Sodium  formate      Formic  methyl- 
ester 

7)  With  potassium  cyanide,  the  cyanides  are  formed  : 

CH3I  +  KCN  =  CH3(CN)  +  KI. 

8)  With  potassium  sulphocyanide,  the  sulphocyanides  are 
produced  : 

CH3I  +  KSCN  =  CH3SCN  +  KI. 

There  is  still  a  great  number  of  reactions  of  which  the 
alkylogens  are  capable,  but  the  consideration  of  them  would 
lead  us  beyond  the  limits  of  this  work. 

These  reactions  usually  take  place  by  treating  the  chlorides,  etc.,  with 
potassium  and  silver  compounds.  The  halogen  and  the  metal  unite,  while 
the  two  rests  combined  to  a  new  molecule.    XC1  +  YAg  =  AgCl  +  XY. 

The  alkylogens  are  all  very  reactive,  the  order  in  activity 
being  iodides,  bromides,  chlorides. 


Hydroxyl  Substitutions. 

The  hydroxyl  substitutions  of  the  hydrocarbons  are  the  most 
important  compounds  in  organic  chemistry,  because  they  are 
of  the  highest  significance  in  the  phenomena  of  life,  and  in 
the  arts,  and  also  yield  the  chemist  the  material  from  which  all 
other  derivatives  are  either  directly  or  indirectly  produced. 

If  an  H  in  a  hydrocarbon  is  replaced  by  a  hydroxyl  group 
(OH),  an  alcohol,  or  carbinol,  is  produced. 

If  2  H's  belonging  to  one  carbon  atom  are  replaced  by  2 
OH's,  a  molecule  of  H20  splits  off,  and  the  remaining  atom  of 
0  fills  the  gap. 
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CH2(OH)3 
H 

ircroH 

OH 


H_C-|  +  H20. 
Lo 


CH20  +  H20 
H 


i 


Such  bodies  are  called  aldehydes,  or  ketones  (the  difference 
between  these  two  classes  of  compounds  will  be  explained 
further  on).  If  a  third  atom  of  H  is  substituted  by  OH, 
another  molecule  of  water  drops  out,  and  a  compound  is 
formed  having  instead  of  three  hydroxyls  the  group  0  (OH), 
as,  for  instance,  CHO  (OH). 


Such  compounds  are  called  acids.  The  substitution  of  a 
fourth  H  by  OH  could  only  take  place  in  the  methyl  group,  as 
in  all  other  series  it  is  replaced  by  hydrocarbon  rests.  In  the 
methane  series,  in  this  case,  two  molecules  of  water  split  off  : 


Methyl  Alcohol,  Cariinol,  Wood  Spirit,  Methylated  Spirit, 
CH3(OH)  =  CH40/ 


Methyl  alcohol  is  produced  with  acetic  acid  in  the  distillation  of  wood. 
It  occurs  in  combination  with  salicylic  acid  in  the  oil  of  wintergreen 
(Gaultheria  procumbens). 

It  is  obtained  from  the  aqueous  distillate  of  wood,  or  crude 
wood  vinegar. 

The  product,  which  has  been  separated  from  the  tar,  is  distilled  over 
burnt  lime  several  times  down  to  about  10  %.  Fused  calcium  chloride  is 
then  added.  The  crystalline  compound  of  methyl  alcohol  and  calcium 
chloride,  which  is  obtained,  is  freed  from  all  oily  matters  by  washing  with 
ether.  Finally,  the  mass  is  distilled  with  water,  which  decomposes  the 
compound.    The  methyl  alcohol  which  is  obtained  in  this  manner,  is 


C(OH)4  =  C02  +  2H20. 
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dehydrated  by  distillation  over  burnt  lime,  but  is  not  chemically  pure. 
For  most  purposes  it  is,  however,  sufficiently  pure. 

To  obtain  it  absolutely  pure,  it  is  transformed  into  the  crystalline  oxalic 
ester,  which  is  purified  by  repeated  crystallizations,  and  distilled  with 
water,  which  decomposes  the  compound.  The  aqueous  alcohol  thus 
obtained  is  freed  from  water  by  burnt  lime  and  anhydrous  cupric  sulphate. 

Methyl  alcohol  is  a  colorless,  aqueous,  mobile  liquid,  with 
an  odor  and  taste  like  that  of  ordinary  alcohol.  B.  p.  =  G5°. 
Sp.  gr.  at  0°  =  0.798.  Gas  vol.-wgt.  =16,  molecular  wgt.  = 
32.  It  is  soluble  in  all  proportions  in  water,  alcohol,  ether, 
acetic  acid,  etc.  Essential  oils  and  all  salts  which  are  solu- 
ble in  alcohol  dissolve  in  it.    It  burns  like  alcohol. 

In  the  arts  it  is  used  as  a  solvent  (varnishes),  in  the  manu- 
facture of  aniline  colors,  and  for  denaturalizing  alcohol. 

General    Properties    of    the    Alcohols  (Car- 
bin  o  1  s .) 

1)  The  alcohols  on  oxidation  are  converted  into  their  corre- 
sponding aldehydes  and  acids.  The  mechanism  of  the  reaction 
is  as  follows  :  A  second,  and  then  a  third  atom  of  hydrogen 
belonging  to  the  same  atom  of  carbon  which  holds  the  OH, 
is  replaced  by  an  OH,  and  in  each  case  a  molecule  of  water 
drops  out : 

CH3OH  +  O  =  CH3(OH)8 
CH2(OH)2  =  CH30  +  H20 

Aldehyde 

further  CH3(OH)  +  02  =  CH(OH)3 

CH(OH)3  =  CHO(OH)  +  H20,  or 

Acid 

CH20  +  0  =  CHO(OH) 

Aldehyde  Acid 

2)  All  alcohols  give  with  phosphorus  trichloride,  phosphorus 
tribromide,  and  phosphorus  tri-iodide,  the  simple  chlor- 
ides, bromides,  and  iodides  of  the  hydrocarbons  (alkylogens) 
and  phosphorous  acid.  The  reaction  is  the  same  as  with  water, 
and,  in  fact,  the  alcohols  may  be  regarded  as  water  in  which 
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an  H  has  been  replaced  by  the  mono-valent  hydrocarbon  rest. 
For  example,  methyl  alcohol  is  methylated  water  : 

H(OH)  CH3(OH) 

Water  Methyl  alcohol 

3H(OH)  +  PC13  =  3HC1     +  P(OH)3 
3  CH3(OH)  +  PCI3  =  3  CH3CI  +  P  (OH)3. 

3)  Alcohols  dissolve  sodium  and  potassium,  forming  solid 
compounds,  which  are  very  reactive,  i.e.,  the  K  or  Na  is  easily 
exchanged  for  other  mono-valent  atoms,  or  groups.  In  this 
case,  also,  the  alcohols  act  in  the  same  manner  as  water  : 

HOH    +  Na  =  HONa     +  H 

Sodium  hydroxide 

CH3OH  +  Na  =  CH3ONa  +  H 

Sodium  methoxide 

4)  With  acids,  the  alcohols  give  up  a  molecule  of  water  and 
form  esters,  or  compound  ethers  (organic  salts).*  When  acids 
possess  several  atoms  of  hydrogen  substitutable  by  metals,  are, 
in  other  words,  polybasic,  the  resulting  compounds,  in  which 
one  or  more  of  these  replaceable  H's  are  still  present,  are  termed 
ester-acids. 

CH3(OH)  +  (HO)N02  =  CH3ON02  +  H20 

Nitric  acid  Methyl  nitric 

ester 

CH3(OH)  +  !o>SO*  =  CHHO>SO*  +  H*° 

Sulphuric  acid        Methyl  sulphuric 
acid 

CH3(OH)  +  HO\„ft  _CII30\so  ,  oHO 
CH3(OH)  +  HO/SO*  -  CH30/bO*  +  2  Hs° 

Methyl'  sulphuric 
ester 

HO\  CH,0\ 

ch3(oh)  +  h(apo  =    ho^po  +  h80 
ho/  ho/ 

Phosphoric        Methyl  phosphoric 
acid  acid 


*  It  is  better  to  consider  them  simply  as  salts,  e.g.,  methyl  nitrate,  etc, 
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nS3  nS  +HO^PO  =  CH^-^PO  +  2  H20 
CH3(OH)     H0/  H0/ 

Dimethyl-phosphoric 
acid 

CH3(OH)     H0X  CH30\ 

CH   OH)  +  HO>0  =CH3O^PO  +  3H20 

CH   OH      HO/  CH30/ 

Methyl-phosphoric 
ester 

With  gaseous  chlor-  brom-  or  iodohydric  acid,  the  alcohols  yield,  there- 
fore, the  chlorides,  bromides,  or  iodides  (alkylogens), 

2  CH3(OH)  +  HC1  =  CH3CI  +  H20. 

5)  By  warming  with  sulphuric  acid,  the  alcohols  yield  their 
corresponding  ethers, 

2CH,(OH)  =  gg£>0  +  HtO. 

The  term  ether  is  given  to  those  compounds  which  consist 
of  two  hydrocarbon  rests  united  by  an  atom  of  oxygen,  in 
other  words,  organic  oxides. 

Nearly  all  the  reactions  of  the  alcohols  are  easily  explicable,  when  we 
assume  that  they  behave  in  the  same  manner  as  the  metallic  hydroxides. 
For  instance,  methyl  alcohol  resembles  KOH,  potassium  hydroxide. 

1)  The  alcohols  unite  with  the  acids  with  loss  of  water  to  form  esters. 
According  to  our  assumption,  then,  these  esters  correspond  to  salts : 

a)  CH.HO  +  HON02  =  CHaONO,  +  H,0, 

Methyl  nitrate 

KHO  +  HON02  =  KONO,     +  H20  ; 

Potassium 
nitrate 

b)  CH3HO  +  HG1  =  CH3CI  +  H20, 

KHO  +  HC1  =  KC1     +  H20  ; 

c)  CH3HO  +  ho^S°2  =  CIH(£>S02  +  Ha0' 

Primary  methyl 
sulphate 

d)  2CH3OH  +  ho>S02  =  CH30^>S°2  +2H.O. 

Secondary  methyl 
sulphate 
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With  the  polybasic  acids,  the  alcohols  form  several  series  of  salts.  It 
is  only  when  all  the  substitutable  hydrogen  atoms  are  replaced  by  alcohol 
(alkyl)  rests,  in  our  case,  methyl,  that  the  salt  becomes  neutral  ;  in  all 
other  cases  the  salts  are  acid,  i.e.,  they  still  contain  hydrogen  which  can 
be  substituted  by  a  metal.  The  compound  formed  in  equation  c  (primary 
methyl  sulphate)  is  a  monobasic  acid,  for  it  possesses  one  substitutable  H 
which  can  be  replaced  by  K,  Na,  etc.,  or  by  methyl,  or  any  other  alcohol 
(alkyl)  rest. 

In  the  esters,  or  compound  ethers,  as  in  the  oxygen  salts,  the  alkyl 
rest  is  bound  by  means  of  oxygen  to  the  element  forming  the  acid  (linking 
function),  in  methyl  nitrate  with  nitrogen,  in  methyl  sulphate  with  the 
sulphur. 

2)  The  alcohols  pass  into  the  ethers,  that  is,  their  oxides,  exactly  as  the 
metallic  hydroxides  pass  into  the  oxides  : 

CH3OH  +  CHsOH  =  CH3"0-CH3  +  H20 
Methyl  oxide 

AgOH   +  AgOH  =Ag_0"Ag     +  H,0 

Argentic  oxide 

It  is  by  no  means  necessary  that  both  of  the  affinities  of  oxygen  should 
be  neutralized  by  the  same  atomic  group.  The  second  bond  may  be 
satisfied  by  the  atom  of  a  metal  as  well  as  by  any  alkyl  rest  : 

CB,3~OH  +  Na  =  CH3~0~Na  +  H  analogous  to 
Sodium 
mcthoxide 

K~OH  +  Na  =  K_0-Na    +  H 

Potassium  so- 
dium oxide 

CH3"OH  +  C2HrOH  =  CH3-0-C2H5  +  H20 

Methyl-ethyl  oxide 

From  these  reactions  we  see  that  methyl  alcohol  behaves  as  a  mono- 
valent base.  Later  on  we  shall  meet  alcohols  which  deport  themselves  as 
di-  and  poly-valent  bases. 

Methyl  alcohol  dissolves  sodium  with  considerable  evolution 
of  heat.    The  sodium  substitutes  an  H  of  the  hydroxy  1  : 

CH3OH  +  Na  =  CH3ONa  +  H. 

The  resulting  compound,  CH3OjSTa,  sodium  methoxidc,  is 
a  solid.  Water  decomposes  it  into  sodium  hydroxide  and 
methyl  alcohol  : 

CH3ONa  +  HOH  =  CH3OH  +  NaOH 
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It  yields  the  ether  and  sodium  chloride  with  the  chlorides, 
etc.,  of  the  alcohols  (alkylogens)  : 

CH3ONa  +  CH3CI  =  CH3-O-CH3  +  Nad 

Methyl  alcohol,  when  treated  with  concentrated  sulphuric 
acid,  becomes  highly  heated,  and  the  primary  methyl  sulphate, 
or  methyl-sulphuric  acid  is  formed,  CH3HS04.  This  acid 
forms  salts  with  metals  because  it  contains  an  atom  of  substi- 
tutable  H.  If  the  mixture  of  alcohol  and  acid  is  distilled,  the 
neutral  methyl  sulphate,  or  methyl  sulphuric  ester  is  obtained, 
(CH3)2S04.  If,  however,  there  is  not  a  great  excess  of  sul- 
phuric acid  present  {e.g.,  when  there  is  one  part  of  alcohol  to 
four  of  acid),  Methyl  Oxide,  or  Methyl  Ether  (CH3)20,  is 
formed.  At  ordinary  temperatures  it  is  a  gas  with  a  pleasant 
ethereal  odor,  becoming  solid  at  —  23°.  It  is  very  inflammable, 
and  easily  soluble  in  water. 

All  the  ethers  can  be  made  in  the  same  way  as  the  methyl 
ether,  either  by  heating  the  alcohol  with  concentrated  sul- 
phuric acid,  whereby  a  molecule  of  water  is  removed.  This 
amounts  to  the  formation  of  an  anhydride, 

2  CII3OH  =  CH3-0"CH3  +  H20. 

Or  by  treating  an  alkylogen  with  the  sodium  compound  of  the 
alcohol  (metallic  alkyloxide) : 

CH3C1  +  CH3ONa  =  CH3_0"CH;J  +  NaCl. 

Ethers  with  different  hydrocarbon  rests,  or  mixed  ethers, 
can  be  produced  by  this  later  methyl. 

Oxidation   of  Methyl  Alcohol. 

By  leading  the  vapors  of  methyl  alcohol  mixed  with  air 
over  a  glowing  platinum  spiral,  methyl  aldehyde  is  formed. 
It  is  also  produced  by  replacing  both  of  the  atoms  of  iodine 
in  methylene  iodide  by  an  atom  of  oxygen.    This  is  effected 
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by  transforming  the  iodide  into  methylene  acetate  by  treat- 
ment with  silver  acetate,  and  decomposing  the  acetate  with 
potassic  hydroxide, 

CH2I3  +  2  C2H302Ag  =  CH2(C3H302)2  +  2  Agl. 

Silver  acetate  Methylene  acetate 

CH3(C2H302)2  +  2  KOH  =  CH20  +  2  C2H302K  +  H20. 

Methylaldeliyde,  H~CHO,  or  CH20.  This  aldehyde  at  ordi- 
nary temperatures  is  properly  a  gas.  Its  molecules  possess  the 
peculiar  property,  however,  of  uniting  among  themselves  to  form 
a  complicated  molecule,  a  body  which,  at  ordinary  tempera- 
tures, is  solid,  and  fuses  at  152°  ;  at  a  higher  temperature  it  is 
converted  into  vapor.  This  substance  is  called  methyl-met-al- 
dehyde.  If  it  is  brought  into  the  gaseous  state,  it  is  decom- 
posed into  ordinary  gaseous  aldehyde.  Such  a  fusion  of 
several  molecules  is  termed  polymerization. 

If  the  oxidation  is  effected  by  stronger  agents,  as,  for  in- 
stance, with  manganic  di-oxide  and  sulphuric  acid,  platinum 
black,  or  potassium  dichromate  and  sulphuric  acid,  the  tri- 
hydroxylated  substitution-product  is  obtained  : 

CH3(OH)  +  08  =  CH(OH)3  =  CHO(OH)  +  H20. 

Formic  acid 

The  aldehyde,  CH30,  as  above  stated,  is  formed  from  methylene 
hydroxide,  CH2(OH)2,  by  elimination  of  water  (dehydration),  since  two 
hydroxyls  cannot  exist  bound  to  the  same  carbon  atom.  If  instead  of 
hydroxyls,  the  group  ~0"CH3  (methoxyl)  be  introduced,  then  stable  com- 
pounds can  be  obtained  having  two,  or  even  three,  of  these  groups  bound 
to  one  carbon  atom. 

Thus  methylene  iodide  with  potassium  hydroxide  gives  (indirectfy) 
methyl-aldehyde  : 

1)  CH2I2  +  2  KOH  =  CH2(OH)2  +  2  KI; 

2)  CH,(OH)2  =  CH20  +  H20. 

Treated  with  potassium  or  sodium  methoxide,  however,  it  yields  Methylene 
Dimethoxide,  or  Methylal : 

CHJ2  +  2  KOCH3  =  CH2(OCH3)2  +  2  KI. 
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Methylal  can  also  be  obtained  by  carefully  oxidizing  methyl  alcohol 
with  manganic  di-oxide  and  sulphuric  acid.  It  is  a  liquid  with  a  pleasant 
odor,  boiling  at  42  ',  and  soluble  in  3  parts  of  water. 

Formic  Acid,  HCO(OH),  CH202,  occurs  in  nature.  It  exists 
in  ants,  in  the  needles  of  many  pines,  in  nettles,  etc.  It  is 
also  a  product  of  the  decomposition  of  sugar,  starch,  gums, 
etc.  In  the  animal  organism  it  is  contained  in  very  small 
amounts  in  the  blood  and  urine.  It  is  formed  by  the  oxida- 
tion of  methyl  alcohol  ;  it  is  produced  in  the  form  of  its 
potassium  salt  by  the  decomposition  of  iodoform,  chloroform, 
and  bromoform  by  means  of  potassium  hydroxide  ;  also  from 
cyanhydric  acid.  Synthetically,  it  can  be  formed  from  car- 
bonous  oxide  and  potassium  hydroxide. 

Generally  it  is  made  by  the  decomposition  of  oxalic  acid  in 
the  presence  of  glycerol.  The  oxalic  acid  falls  into  carbonic 
acid  and  formic  acid : 

C2H204  =  C02  +  CH202. 

Oxalic  acid 

Equal  parts  of  oxalic  acid,  dried  at  100\  and  glycerine  are  heated  at 
110°  until  the  evolution  of  gas  (carbonic  acid)  ceases;  water  is  then  added 
to  the  oily  mass,  and  the  whole  distilled.  In  this  way,  a  dilute  acid  is 
obtained.  The  pure  acid  is  produced  by  the  decomposition  of  its  lead  salt 
by  hydrogen  sulphide,  plumbic  sulphide  and  formio  acid  being  obtained. 

Formic  acid  is  a  colorless  liquid  with  a  penetrating  odor 
and  a  strongly  acid  taste.  It  produces  blisters  on  the  skin. 
At  1°  it  solidifies  to  glittering  crystals,  which  fuse  at  8.6°,  and 
boil  at  99°.  It  is  soluble  in  all  proportions  in  water  and 
alcohol.  Its  vapor  is  combustible.  Owing  to  its  tendency  to 
become  more  highly  oxidized,  i.e.,  to  carbonic  acid,  it  takes 
oxygen  away  from  easily  reducible  substances,  acting,  there- 
fore, as  a  reducing  agent : 

CH202  +  0=C02+H20. 
It  reduces,  for  instance,  solutions  of  silver  and  mercury 
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salts.  Concentrated  sulphuric  acid  decomposes  it  into  water 
and  carbonous  oxide  : 

GH202  =  CO  +  H80. 

When  heated  with  water  formic  aeid  forms  a  hydrate,  CH,02  +  H20, 
or  CH(OH)3,  Orlhoformic  acid,  which  boils  at  about  106  \ 

•General  Remarks   on  the   Organic  Acids. 

Formic  acid  may  be  considered  as  the  prototype  of  all  or- 
ganic acids.  When  we  examine  its  conctitution  we  find  that 
the  four  valences  of  the  carbon  are  satisfied  in  the  following 
manner  : 

One  valence  by  an  H, 
Two  valences  by  an  0,  and 
One  valence  by  the  group  OH  ; 

H 

0=C"0"H. 

The  atom  of  H,  which  is  united  to  the  carbon,  can  be  sub- 
stituted by  any  mono-valent  organic  group.  The  group  may 
be  a  very  complicated  one,  the  only  condition  being  that  it 
must  possess  one  free  valence.  On  the  other  hand,  the  group 
COOH,  which  in  formic  acid  is  bound  to  an  atom  of  H,  can 
enter  an  organic  compound  as  a  mono-valent  group,  and  form 
an  acid.  The  group  COOH  is  called  carboxyl,  and  acids 
formed  by  its  introduction  are  known  as  carboxylic  acids. 
The  hydrogen  of  the  carboxyl  group  acts  as  the  hydrogen  of 
inorganic  acids,  being  easily  substituted  by  metals.  It  is  the 
so-called  basic  hydrogen.  As  the  carboxyl  group  contains 
only  one  atom  of  replaceable  hydrogen,  it  is  monobasic. 
Organic  acids  which  contain  only  one  carboxyl  group  are  there- 
fore monobasic  acids. 

If  an  organic  acid  contains  two  carboxyl  groups,  it  is 
dibasic,  etc.    The  number  of  carboxyl  groups  determines  the 
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degree  of  basicity.  Two  simple  examples  will  serve  to  illus- 
trate this.  If,  in  formic  acid,  the  atom  of  hydrogen  which  is 
bound  to  the  carbon  atom  is  replaced  by  the  methyl  group, 
CH3,  the  compound  CH3"COOH  (or  C3H402),  acetic  acid,  is 
formed.  Acetic  acid  is  a  monobasic  acid  because  it  contains 
but  one  carboxyl  group.  If,  on  the  other  hand,  the  same 
atom  of  hydrogen  is  replaced  by  a  carboxyl  group,  the  com- 
pound 

COOH 

1         (or  C„HoO.),  oxalic  acid, 
COOH  " 

is  formed.  Oxalic  acid  is  a  dibasic  acid  because  it  contains 
two  carboxyl  groups. 

On  comparing  the  empirical  composition  of  formic  acid  with 
that  of  methyl  alcohol,  it  will  be  found  that  it  contains  two 
atoms  of  hydrogen  less,  and  one  atom  of  oxygen  more,  than 
methyl  alcohol.  All  acids  contain  two  atoms  of  hydrogen 
less,  and  one  atom  of  oxygen  more,  than  the  alcohols  from  which 
they  are  derived. 

The  laws  of  substitution  which  have  been  mentioned  find 
application  in  the  acids. 

1)  The  hydrogen  of  the  carboxyl  can  be  substituted  by  a 
metal  forming  a  salt,  as  BTCOONa,  sodium  formate. 

2)  The  hydrogen  of  the  carboxyl  can  be  substituted  by 
alcohol  (alkyl)  rests,  forming  esters,  compound  ethers,  or 
organic  salts  : 

H_COO-(CH3)  Methyl-formic  ester. 

3)  The  hydrogen  of  the  carboxyl  can  also  be  replaced  by  an 
acid  rest.  An  acid  rest  is  an  acid  less  OH.  The  rest  of  formic 
acid  is  CHO  : 

H-CO(Otf)  +  H"CO(OH)  =  irCO.O.HCO  +  H20. 


Compounds  formed  in  this  manner  are  called  anhydride*. 
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Their  constitution  is  analogous  to  that  of  the  inorganic  acid 
anhydrides  : 

N02(OH)  +  N02(OH)  =  NO?""0~N08  +  H20 

Nitric  acid  Ninic  auhydiide 

CHO(OH)  +  CHO(OH)  =  CHO"0"CHO  +  H20. 

Formic  acid  Formic  anhydiide 

As  the  anhydride  of  formic  acid  is  not  yet  known,  this  class  of  com- 
pounds will  be  considered  under  the  next  acid,  acetic  acid. 

4)  The  hydroxl  of  the  carboxyl  can  be  replaced  by  CI. 

This  derivative  of  formic  acid,  which  would  hav  e  the  formula  H~COCl, 
has  not  yet  been  obtained,  because  it  decomposes  at  once  into  CO  and 
HC1,  but  the  reaction  takes  place  with  almost  all  the  other  acids. 

The  compounds  thus  obtained  are  called  aci-clilorides.  The 
chlorine  in  them  is  remarkably  easy  of  substitution  by  other 
mono-valent  atoms,  or  atomic  groups.  They  are  decomposed 
by  water,  the  hydroxl  taking  the  place  of  the  chlorine  : 

CHo'CO-Cl  +  H20  =  CH3-CO"OH+  HC1. 

Acetyl  chloride  Acetic  acid 

Ammonia  affects  the  substitution  of  the  CI  by  NH2  : 
CH3-CO-CI  +  NH3  =  dVCCTNHo  +  HC1. 

5)  The  hydroxyl  of  the  carboxyl  can  be  substituted  by  the 
group  NH2,  H"CO"NH2,  Formamide. 

6)  By  distillation  of  the  salt  of  an  organic  acid  with  an 
excess  of  alkali,  the  carboxyl  group  is  split  off  and  replaced 
byH: 

ETCOONa  +  NaOH  =  HH  +  Na2C03 

Sodium  formate  Sodium  carbonate 

CH,~COONa  +  NaOH  =  CH4  +  Na2C03. 

Sodium  acetate  Methane 

7)  By  the  distillation  of  an  organic  salt  by  itself,  a  carbon- 
ate is  also  formed,  two  molecules  of  the  acid  acting  on  each 
other.    But,  in  this  case,  the  two  acids  rest  unite.    We  shall 
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examine  this  reaction  more  carefully  later  on.  From  formic 
acid,  methyl  aldehyde  is  produced  : 

ITCOONa  +  H-COONa  =  Na2C03  +  CH20. 

Sodium  formate  MethykUdehyde 

There  are  also  various  other  reactions  which  we  shall  have 
occasion  to  study. 

Among  the  salts  of  formic  acid  which  are  worthy 
of  notice  are  the  sodium  salt,  HCOONa;  the  lead  salt 
(HCOO)2Pb,  from  which  the  pure  acid  is  obtained  ;  and  the 
ammonium  salt,  HCOONH4,  which  by  rapid  heating  falls  into 
cyanhydric  acid  and  water  : 

HC00NH4  =  HCN  +  2  H20. 

Formic  acid  is  properly  an  anhydride  acid  formed  from 
CH(OH)3  by  elimination  of  water.  Although  the  salts  of 
this  acid,  the  orthoformic  acid,  have  not  been  produced,  its 
esters  are  known.  By  the  action  of  sodium  methoxide  on 
chloroform,  the  orthoformic  methyl  ester  is  produced,  while 
by  the  action  of  sodium  hydroxide  on  chloroform,  only  the 
ordinary  formic  acid  is  formed  : 

CHCI3  +  3  NaOCH3  =  CH(OCH3)3  +  3  NaCl, 
CHCl3  +  3NaOH     =  CH(OH)3  +3NaCl, 
CH(OH)3  =  CHO(OH)  +  H20. 

The  final  hydroxyl  substitution-product  of  methane,  into 
which  formic  acid  has  such  a  tendency  to  pass,  is  C(OH)4.  As 
soon  as  this  body  enters  the  free  state,  two  molecules  of  water 
are  eliminated,  so  that  the  compound  C02  is  formed. 
(CH404  —  2  H20  =  C02.)  If,  however,  it  does  not  pass 
into  the  free  state,  but  at  least  one  atom  of  hydrogen  is 
replaced  by  a  metal,  or  hydrocarbon  rest,  the  molecule  of  water 
is  not  split  off,  and  a  derivative  of  the  compound  CO(OH)2  or 
CH203  is  formed. 

The  compound  C(OOH3)4,  Orthocarbonic  Methylester,  how- 


CAKBONIC  ACID. 


35 


ever,  is  stable,  and  can  be  obtained  by  the  action  of  sodium 
methoxide  on  carbon  tetrachloride  : 

CC14  +  4NaOCH3  =  C(OCH3)4  +4NaCl. 

By  the  action  of  sodium  hydroxide  on  carbon  tetrachloride, 
however,  besides  sodium  chloride,  only  sodium  carbonate  is 
produced. 

Carbonic  Acid,  C02.  This  acid  and  its  salts  have  already  been 
studied  in  inorganic  chemistry. 

Substitution  products  of  carbonic  acid.  Both  hydroxyls  of 
the  hypothetical  carbonic  acid,  CO(OH)2,  are  replaced  by 
chlorine. 

Cldorcarbonous  oxide,  pliosgen,  chlorcarbonyl,  COCl2,  is 
formed  by  the  union  of  chlorine  and  carbonous  oxide  in  sun- 
light. It  is  a  colorless  gas  with  an  unpleasant  odor,  which 
condenses  in  a  freezing  mixture  to  a  liquid  boiling  at  8°. 
With  water  it  is  decomposed  into  carbonic  acid  and  chlor- 
hydric  acid  : 

COCl2  +  H20  =  C02  +  2  HC1. 

Chlorcarbonous  oxide  being  the  chloride  of  carbonic  acid,  is 
an  aci-chloride,  and  possesses  all  the  properties  mentioned  as 
belonging  to  that  class  of  compounds.  If  chlorcarbonyl  is 
conducted  into  an  alcohol,  the  corresponding  chlorcarbonic 
ester  is  obtained  : 

COCl2  +  CH3OH  =  HOI  +  CO^01*3 

Chlorcarbonic 
methylester 

The  chlorcarbonic  esters  exchange  their  chlorine  very  easily 
for  other  atoms,  or  atomic  groups,  and  are  often  used  as  a 
means  of  introducing  the  carboxyl  group  into  compounds. 
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Sulpho-Substitution-Products  of  Methane. 

There  are  sulpho-derivatives  containing  sulphur  in  place  of 
the  oxygen,  which  correspond  to  most  of  the  oxygen  derivatives 
of  methane. 

Methyl  sulphydrate,  or  methyl  mercapla?i,CE.&H,  corresponding  to  the 
methyl  alcohol,  CH3OH,  is  a  colorless  liquid  with  a  most  unpleasant  odor, 
boiling  at  2V.  The  mercaptans  give  with  mercuric  oxide  a  white  crystal- 
line compound,  from  which  their  name*  is  derived.  They  are  produced 
by  the  action  of  potassium,  or  sodium  sulphydrate,  on  the  alkylogens. 

Methyl  sulphide,  (CH3)2S,  corresponding  to  methyl  ether,  is  a  liquid 
with  an  unpleasant  odor,  boiling  at  41°.  lis  production  is  analogous  to 
that  of  the  sulphydrates,  but  instead  of  the  sulphydrate  the  sulphide  is 
used. 

Methyl  sulphaldehyde,  CELS,  corresponding  to  methyl  aldehyde.  It 
polymerizes  to  three  molecules,  so  that  its  proper  formula  is  C.,H«S ,.  It 
is  obtained  by  the  reduction  of  carbon  disulphide. 

Carbon  Disulphide,  CS2,  corresponding  to  carbonic  acid,  C02. 
It  is  formed  when  sulphur  vapors  are  led  over  glowing  coals. 
A  colorless  liquid,  very  refractive,  with  an  unpleasant  odor 
and  a  sharp  taste,  boiling  at  4G'J.  Its  sp.  gr.  is  1.27.  It  is 
easily  inflammable,  burning  with  a  blue  flame  to  carbonic  and 
sulphurous  anhydrides  : 

CS2  +  3  02  =  C02+2S02. 

It  is  insoluble  in  Avater,  and  miscible  with  alcohol,  ether, 
fatty  and  essential  oils.  It  dissolves  bromine,  iodine,  sulphur, 
phosphorus,  fats,  etc. 

In  the  arts  is  considerably  used  as  a  solvent  (extraction  of  oils,  fats, 
and  sulphur).    It  is  also  used  in  medicine. 

Nascent  hydrogen  converts  it  into  methyl  sulphaldehyde  : 

CS2  +  2H2  =  CH2S  +  H2S. 

Between  carbon  disulphide  and  carbonic  acid  there  stands  a 


*  "  Corpus  Mercurio  Aptum." 
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compound,  COS,  Carlton  Oxysulphide.  It  is  a  colorless  gas,  and 
is  produced  by  the  action  of  very  concentrated  acids  (sulphuric, 
acetic),  on  potassium  sulphocyanide.  It  is  easily  inflammable 
and  is  converted  gradually  by  water,  quickly  by  bases,  into 
carbonic  acid  and  hydric  sulphide  : 

COS+  H20  =  C03  +H2S. 

Corresponding  to  the  numerous  salts  (carbonates)  and 
derivatives  of  carbonic  acid,  there  are  salts  and  derivatives  of 
carbon  di sulphide.  Carbonic  acid  in  the  free  state  appears 
always  in  the  form  of  an  anhydride,  but  considered  in  relation 
to  its  derivatives  it  has  the  formula  CO(OH)2.  In  the  same 
manner,  the  carbon  disulphide  must  be  considered  as  an 
anhydride  when  in  the  free  state.  There  are  deduced  from 
the  latter  two  series  of  compounds,  depending  on  whether  the 
primary  type  is  CS<Jg  or  CS^^.  Finally  there  is  a  third, 
which  stands  nearer  the  carbonic  acid  derivatives  than  the 
second,    CO<^§.    We  have  then  : 

CS<\!h'  irisulPnocai'boi,ic  acid  series- 
CS<\OH'  d'sulPnocarDonic  acid  series- 
C0/q§,  monosulphocarbonic  acid  series. 


With  the  latter  two  series  there  are  two  isomers  : 


C0 \S  H'  jsodisulP!locarbonic  acid  series- 

CS<\OH'  ]'somonosulP],ocarbonic  acid  series' 
Chiefly  the  salts  and  ethers  of  these  series  are  known  ;  e.g., 
CS^SCH3'  trisulPnocarbonic  methylether. 
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a)  The  potassium  salt  of  the  first  series  is  produced  by  mixing  carbon 
disulphide  with  a  solution  of  potassium  sulphide  : 

CS2  +  K.S  =  K2CS3.    Potassium  trisulphocarbonate. 

The  ethers  can  be  easily  obtained  from  these  salts  by  the  action  of  the 
alkylogens. 

b)  The  potassium  salt  of  the  second  series  is  obtained  by  mixing  carbon 
disulphide  with  potassium  hydroxide  solution  : 

CS2  +  2  KOH  =  H20  +  K2CS20.    Potassium  disulphocarbonate. 

If,  instead  of  an  aqueous  solution  of  potassic  hydroxide,  the  alcoholic 
solution  is  used,  the  methyl-ethyl,  etc. ,  salt  of  the  disulphocarbonic  acid 
is  obtained,  depending  on  the  alcohol  taken.    By  using  methyl  alcohol, 

for  instance,  the  compound  CS<^qqjj^  is  formed. 

CSa  +  KHO  +  CH3HO  =  K(CH3)CS20  +  H20. 

These  compounds  are  known  as  xanthic  acid  compounds.  The  one 
given  is  potassium  methylxanthate.  From  the  xanthic  acid  salts,  the 
esters  may  be  produced  by  the  usual  methods. 

c)  The  esters  of  the  third  series  are  produced  by  the  action  of  chlorcar- 

CI     )  on  the  potassium  compound  of  the  mercaptans  : 
C0/2,CH3  +  CH3SK  =  CO/g£I3  +  KC1. 


C1      -r  ^moiv  _  v-u^gCH 

Chlorcarbonic-      Potassium  Methylmono- 
methyl  ester  methyl  mercaptid  sulpliocarbonate 

d)  The  esters  of  the  fourth  series  are  obtained  by  the  decomposition  of 
the  sulphocyanic  ethers  (see  later)  with  concentrated  sulphuric  acid. 

e)  The  esters  of  the  fifth  series  are  produced  by  the  decomposition  of  the 
xanthic  esters  by  means  of  alcoholic  potassa : 

CS<3cH33  +  K0H  =  CKoKH3  +  CH^SH- 

Methyl 
xanthogenate 

The  only  free  acids  which  are  known  are  sulphocarbonic  acid,  H2CS3, 

<cn 
gjp  a  reddish-brown  unstable   oil,   and  disulphocarbonic  acid, 

/'S II 

H2CSaO,   CS^  qjj,  a  compound  existing  ouly  at  very  low  temperatures. 
Sulphocarbonyl  chloride,  carbon  sulphochloride,  CSC12,  corresponding 
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to  carbonyl  chloride,  COCl>,  is  obtained  by  the  action  of  chlorine  on  car- 
bon disulphide.  It  is  a  reddish  liquid  with  a  suffocating  odor,  boiling 
at  70' .  It  polymerizes  gradually  when  exposed  to  the  light,  and  changes 
into  colorless  crystals  melting  at  112\ 

Finally,  a  series  of  sulphur  derivatives  must  be  mentioned 
which  have  the  same  composition  as  the  primary  esters  of 
sulphurous  acid,  but  are  distinguished  from  them  by  the  sul- 
phur being  bound  directly  to  the  carbon,  while  in  the  others 
it  is  bound  through  oxygen.  They  are  called  sidphonic  acids, 
and  form  crystalline  salts  soluble  in  water. 


As  sulphurous  acid  has  the  constitution  S02^H  ,  there  are  two 


monomethyl  derivatives  possible  The  first  is  S02<^H  3,  primary 
methyl  sulphite,  or  methyl  sulphurous  acid,  and  is  an  ester,  or  compound 
ether",  because  the  methyl  is  bound  to  the  sulphur  by  means  of  oxygen. 

The  other  is  SO*/^,  methylsulphonic  acid. 

In  the  latter,  the  hydroxyl  group  of  sulphuric  acid  is  re- 
placed by  a  hydrocarbon  rest. 

They  are  produced  by  digesting  the  chlorides,  bromides,  or 
iodides  of  the  hydrocarbons  with  neutral  ammonium  sul- 


Methylsulphonic  acid,  CH3S03H,  and  Metliylene-siilphonic 
acid,  CH2(S03H)2,  are  known  in  the  pure  state  only  in  the 
form  of  their  salts. 

By  the  oxidation  of  methyl  sulphide,  Methylsulphone, 
(CH3)2S02,  is  obtained.    It  has  the  constitution, 
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We  shall  examine  the  sulpho-aeids  more  thoroughly  when  we  come  to 
the  aromatic  compounds,  for  their  sulphonic  acids  are  of  much  greater 
importance. 


Nitrogen  Substitution  Products  of  Methane. 

Next  to  the  oxygen  derivatives  of  the  hydrocarbons,  the 
nitrogen  derivatives  are  the  most  important,  even  surpassing 
them  in  variety.  Nitrogen  as  a  tri-valent  element  can  substi- 
tute three  hydrogen  atoms  in  one  or  more  hydrocarbons  ; 
in  combination  with  H  (as  NH=),  it  can  substitute  two 
atoms  of  H  in  one  or  more  hydrocarbons  ;  and,  finally,  in 
combination  Avith  two  H's  (NH2~),  it  can  substitute  one  H 
atom  in  a  hydrocarbon. 

It  is  evident  that  in  these  substituted  hydrocarbons  other 
substitutions  may  exist,  hydroxyl  in  place  of  hydrogen,  for 
instance  ;  as  examples  we  have  : 

1)  Substitution  of  1  N  for  3  H's  in  a  hydrocarbon  : 

a)  CH=N;  b)  C(OH)=N  ; 

2)  Substitution  of  NH  for  two  H's  : 

a)  CH2=NH;  b)  CO=NH  ; 

3)  Substitution  of  NH2  for  H  : 

a)  CH3"NH2  ;  b)  CHO~NH2. 

This  class  of  compounds  is  more  easily  understood  when  we 
look  at  them  from  another  point  of  view,  that  is,  as  derived 
from  ammonia. 

In  ammonia  the  three  H's  can  be  successively  substituted  : 
1)  By  mono-valent  hydrocarbon  rests  (alkyl  rests)  : 

Al  /CH3  /CH3  /CH3 

NfH       NfH  NfCH3  NfCH3 

\h      \h         \h  \ch 

Ammonia         Metbylnmine       Dimethylamine  Trimethylamine 
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These  bodies  are  called  amines,  or  amine  bases.  They  re- 
semble ammonia  in  every  way,  possess  basic  properties,  unite 
directly  with  acids,  as,  for  instance, 

NH3HCI,  ammonium  chloride  ; 
NH2(CH3)HC1,  methylammonium  chloride; 
NH(CH3)2HC1,  dimethylammonium  chloride  ; 
N(CH3)3HC1,  trimethylammonium  chloride. 

It  is  even  possible  in  these  compounds  to  substitute  the  H 
of  the  acid  by  an  alkyl  rest,  thus  obtaining  compounds  such 
as  N(CH3)4C1,  tetramethylammonium  chloride.  In  this  last 
compound  the  chlorine,  or  halogen,  atom  can  be  replaced  by 
hydroxyl,  forming  the  compound  N(CH3)4OH,  tetramethyl- 
ammonium hydroxide. 

Ammonia  dissolved  in  water  has  also  the  formula  NH4(OH),  ammonium 
hydroxide,  but  such  a  compound  cannot  be  isolated,  because  it  falls  at  once 
into  water  and  ammonia,  NH4(OH)  =  NH3  +  H20.  If,  however,  the 
four  H's  of  the  ammonium  hydroxide  be  substituted  by  alkyl  rests  (methyl), 
the  compound  becomes  stable  and  can  be  isolated. 

2)  The  hydrogen  of  the  ammonia  can  be  successively  sub- 
stituted by  mono-valent  acid  rests.  The  hydroxyl  of  formic 
acid,  HCO(OH),  can,  for  instance,  be  replaced  by  NH3: 

/H  /CHO  /CHO  /CHO 

INVH      a)  Nf-H  b)  N^CHO      c)  N^CHO 

\e         \h  \h  \cho 

Ammonia  Formamide  Diformamide  Triformamide 

These  compounds  are  called  amides.  The  last  two  have  not 
yet  been  produced  in  the  case  of  formic  acid,  but  we  shall 
meet  them  under  acetic  acid.  The  first  amide  still  possesses 
weak  basic  properties  ;  for  by  the  entrance  of  the  acid  rest  the 
attraction  of  the  ammonia  for  acids  is  almost  neutralized. 

Amines  are,  then,  substituted  ammonias,  in  which  the  hydrogen  is 
replaced  by  hydrocarbon  rests,  or,  when  we  imagine  the  hydroxyl  to  be 
replaced  by  the  amido-group,  by  alcohol  rests.  Amides  are  substituted 
ammonias  in  which  the  hydrogen  is  replaced  by  acid  rests. 
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CH,(OH)  CH:,(NH2) 
Methyl  alcohol  Methylamine 

HCO(OH)  HCO(NH2). 
Formic  acid  Formamide 

The  group  NH2  is  known  as  amidogen,  or  the  amido- group  ;  NH,  as 
imidogen,  or  the  imido-group. 

If  the  organic  rest  combined  with  NH2  contains  another 

carboxyl  group,  as  is  the  case  when  in  dicarboxylic  acids  only 

one  of  the  carboxyl  groups  exchanges  its  hydroxyl  for  NH2, 

compounds  arise  which  have  a  weak  acid  character ;  for  the 

introduction  of  the  NH2  has  not  the  power  to  entirely  overcome 

the  acid  properties.    Such  compounds  are  called  amido-acids 

T    x,  ,  CO(OH) 

or  amic  acids.    In  the  compound  i  ,  oxalic  acid,  for 

CO(OH) 

instance,  one  or  both  of  the  hydroxyls  may  be  substi- 
tuted by  the  NH2  group.    In  the  first  case  an  amido-acid 

C(TNH2  .  C(TNH2  _ 

i  is  formed  ;  in  the  second,  an  amide  i  .  In 

CO"OH  CO_NH8 

fact,  the  hypothetical  carbonic  acid  CO<^qjj  yields  two  such 
compounds,  CO<^Qg2,  amidocarbonic  acid  (carbamic  acid, 

amidoformic  acid),  and  CO<^jJg2>  carbamide. 

Amides  may  also  be  derived  from  the  ammonium  salts  of 
organic  acids  by  the  subtraction  of  water  : 

HC00NH4  -  H20  =  HCO(NH8). 

3)  Two  hydrogens  of  the  ammonia  can  be  substituted  by  a 
di-valent  rest,  as,  for  instance  : 

a)  NH=CH2  b)  NH=CO. 

Methylene-imine  Carbimide 
(not  known) 


Compounds  of  this  class  are  called  imides.  There  are  but  few 
known  which  contain  the  NH  group  united  to  hydrocarbon 
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CO/S52  =  CO=NH  +  NH3 
\1N±12  Carbimide 


rests  consisting  only  of  hydrogen  and  carbon,  but  of  the  sec- 
ond class  there  are  many  representatives. 

The  group  NH  very  frequently  binds  two  carboxyl  rests.    Thus  from 

CH.rCOOH  ch2-co\ 

the  compound  i  (succinic  acid),  the  body  i  >NH  (suc- 

ch2-cooh  ch2-co/ 

cinimide),  is  derived.  The  imides  may  be  considered  as  deduced  from  the 
amides  by  the  subtraction  of  NH3 : 

'NH2  = 

Carbimide 
Carbamide 

i  =  i  >NH  +  NH3. 

CHrCO-NH2  CHa-CO/ 
Succiiiamide  Succinimide 

From  the  amic  acids  they  are  derived  by  the  elimination  of  water  : 

C0/&=C0=NH  +HsO 
W11  Carbimide 
Carbamic  acid  • 

CH.-CO-NH.  =CH.-COX 

CH2-CO_OH  CH2-CO/ 
Succinamic  acid  Succinimide 

4)  All  three  hydrogen  atoms  of  the  ammonia  can  be  replaced 
by  one  tri -Talent  hydrocarbon  rest: 

N=CH  N=C(OH). 

Prus^ic  acid  Isocyanic  acid 

(Formonitrile)  (Carbouitrile) 

Compounds  of  this  class  are  called  nitrites. 

Besides  the  nitrogen  derivatives  of  the  carbon  compounds 
in  which  the  nitrogen  is  in  direct  union  with  the  carbon,  there 
are  the  esters  of  nitric  and  nitrous  acids  with  alcohol  rests. 
These  have  already  been  noticed.  The  nitrogen  in  them  is 
bound  to  the  carbon  through  oxygen.  There  is,  however,  a 
class  of  compounds  derived  from  nitric  acid,  in  which  the 
nitrogen  is  bound  directly  to  the  carbon. 

The  hydroxyl  of  nitric  acid  can  be  replaced  by  a  hydrocar- 
bon rest  in  a  manner  analogous  to  the  formation  of  sulphonic 
acids  from  sulphuric  acid,  (HO)N02,  CH3"N08. 
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Such  compounds  are  called  nitro-compounds.  Their  isom- 
erism with  the  nitrous  esters  is  evident  from  the  following 
formulas : 

CH3~0~NO,  CH3N02,  Nitrous-methyl  ester,  derived  from 

HO.NO. 

CH3_N02,     CH3N02,  Nitromethane,   derived  from  HO. 

N02. 

It  is  a  characteristic  property  of  all  nitro-compounds  that 
they  are  converted  into  amido-compounds  by  the  action  of 
reducing  agents  (nascent  hydrogen): 

CH3"N02  +  3  H2  =  CH3"NH2  +  2  H20, 

Nitromethane  Methylamine 

while  the  isomeric  nitrous  esters  are  reduced  to  ammonia  and 
alcohol  : 

CH3_0_NO  +  3  H2  =  CH3OH  +  NH3  +  H20. 

The  nitro-compounds  will  be  considered  more  at  length  under  the  aro- 
matic series. 

Amines. 

a)  Primary  amines,  those  in  which  one  H  of  the  ammonia 
is  substituted  by  a  hydrocarbon  rest. 

b)  Secondary  amines,  those  in  which  two  H's  of  the 
ammonia  are  substituted  by  hydrocarbon  rests. 

c)  Tertiary  amines,  those  in  which  all  three  of  the  H's  of 
the  ammonia  are  substituted  by  hydrocarbon  rests. 

The  primary  amine  bases  resemble  ammonia  in  every  respect. 
They  possess  nearly  the  same  odor,  are  strong  bases,  and  their 
chlorhydric  acid  salts  give  with  platinic  chloride  double  salts 
difficultly  soluble  in  water,  viz.,  (CH3NH2  .  HCl)2PtCl4. 

The  secondary  amine  bases  are  very  closely  related  to 
ammonia,  and  are  also  strong  bases.  They  are  less  volatile 
than  the  primary  amines,  and  their  platinum  chloride  double 
salts  are  not  so  difficultly  soluble. 
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The  tertiary  amine  bases  diverge  still  more  in  their  chemi- 
cal properties  from  ammonia.  Their  platinic  chloride  double 
salts  are  easily  soluble,  and  their  boiling  points  lie  higher  than 
those  of  the  secondary  amines.  All  three  classes  of  amines, 
however,  unite,  like  ammonia,  directly  with  acids,  viz.,  HC1, 
HBr,  HI,  HN03,  H2S04. 

NH3  .  HC1 ;    CH3(NH2)  .  HBr  ;    (CH?)2NH  .  HI ; 

Methylammonium  bromide    Dimethylammonium  iodide 

(CH3)3N  .  HN03  ;    CH3(NH2)  .  H2S04  ; 

Triniethylammonium  Acid  Methylammonium 

nitrate  sulphate 

[(CH3)3H]2  .  H2S04. 

Neutral  Dimethyl 
ammonium  sulphate 

The  amine  is  set  free  from  these  salts  by  an  alkaline 
hydroxide  : 

CH3(NH2)  .  HBr  +  KHO  =  CH3NH2  +  KBr  +  H20 
(CH3)2NH.HI  +KHO=(CH3)2NH  +  KI  +  H20 
(CH3)3N  .  HN03  +  KHO  =  (CH3)3N    +  KN03  +  H20. 

If,  however,  the  fourth  replaceable  hydrogen  atom  in  an 
ammonium  salt  h  substituted  by  a  hydrocarbon  rest,  the  sub- 
stituted ammonium  compound  is  obtained,  viz.,  (CH3)4lSrBr, 
tetramethylammonium  bromide.  Alkalis  do  not  set  the 
bases  free  from  these  salts.  By  treatment  with  silver  oxide, 
however,  a  base,  (CH3)4NOH,  tetrametbylammonium  hy- 
droxide, is  formed.  This  compound  does  not  show  the  proper- 
ties of  ammonia,  but  resembles  potassium  hydroxide  completely 
in  its  behavior.  It  possesses  basic  properties  of  a  marked 
character,  and  forms  salts  by  substitution. 

We  shall  now  pass  to  the  individual  description  of  the 
amines. 

Methylamine,  CH3"NH2,  or  CH5N,  is  a  gas  which  at  a  few 
degrees  below  zero  condenses  to  a  liquid.  It  has  a  strong 
ammoniacal  odor,  blues  litmus  paper,  is  very  soluble  in  water, 
forms  white  clouds  with  chlorhydric  acid  gas,  combines  with 
acids  to  form  crystallizable  salts,  and  yields  a  difficultly  soluble 
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platinum  salt  (CH5N  .  HCl)2PtCl4.  It  is  inflammable  and 
burns  with  a  yellow  flame. 

Dimethylamine,  (CH3)2NH,  or  C2H7N,  is  a  colorless  liquid 
with  the  odor  of  ammonia.    It  boils  at  8°. 

Trimethylamine,  (CH3)3N,  orC3H9N,  is  a  liquid  boiling  at 
9°.  It  forms  salts  with  acids.  In  nature,  it  occurs  in  many- 
plants,  as  the  common  pigweed,  the  flowers  of  the  pear-tree, 
hawthorne,  etc.,  and  in  the  decomposition  products  of  many 
animal  and  vegetable  substances,  viz.,  pickled  herrings  and 
yeast. 

The  salts  of  these  amine  bases  are  almost  all  soluble  in  water 
and  alcohol. 

The  behavior  of  the  nitrous  salts  of  the  amines  is  worthy  of  attention. 
It  is  well  known  that  ammonium  nitrite,  by  merely  boiling  its  water  solu- 
tion, is  decomposed  into  nitrogen  and  water  : 

NH4"N02  =  N,  +  2H20. 

The  nitrites  of  the  primary  amine  bases  behave  in  an  analogous  man- 
ner, their  aqueous  solutions  being  also  decomposed  on  boiling.  Instead 
of  the  formation  of  two  molecules  of  water,  however,  one  molecule  of 
water  and  one  molecule  of  alcohol  are  produced : 

N(CH3)Ha-N02  =  N2  +  CH3OH  +  H20. 

In  order  to  produce  such  a  decomposition,  it  is  only  necessary  to  boil 
the  solution  of  a  salt  of  the  amine  with  a  solution  of  potassium  nitrite. 

The  secondary  amine  bases  behave  differently.  If  an  aqueous  solution 
of  any  of  their  salts  is  boiled  with  a  potassium  nitrite  solution,  a  peculiar 
compound,  the  nitroso-derivative  of  the  base  is  formed  : 

N(CH3)2H2-N02  =  H20  +  N(CH3)2NO. 

Methyl  n  itioso-amine 

/CH3 

The  constitution  of  this  compound  is  Nc— CH3 

\N=0. 

The  nitrites  of  the  tertiary  amines  are  decomposed  with  difficulty  and 
yield  finally  the  same  nitroso-compounds  as  the  secondary  amines. 

The  nitroso-amines  yield  on  reduction  with  zinc  dust  and  acetic  acid  the 
hydrazine  compounds,  viz.,  (CH3)2N~NO  +  2  H2  =  H20  +  (CH3)2N"NH2, 
dimethy  1-hydrazine . 
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Tetramethylammonium  iodide,  (CH3)4NI,  forms  white  crys- 
tals very  difficultly  soluble  in  alcohol.  By  digestion  with 
moist  silver  oxide,  the  compound 

Tetramethylammonium  hydroxide,  (CH3)4N"OH,  is  ob- 
tained. White  deliquescent  crystals,  with  strongly  basic 
properties,  forming  finely  crystallizable  salts. 

Formation  of  the  Amines. 
The  primary  amines  are  formed  : 

1)  By  boiling  the  cyanic  ethers  with  an  alkali  hydroxide  : 

CON-CH3  +  2  KHO  =  K2C03  +  CH3-NH2. 
Methyl  cyanic  Methylamina 
ether 

2)  By  reducing  the  nitro-compounds  with  nascent  hydrogen  : 

CH3_N03  +  6  H  =z  CH3"NH3  +  2  H,0. 

3)  By  reducing  the  cyan-compounds  with  nascent  hydrogen  : 

HCN  +  4H  =  H3C-NH2. 
Cyauhydric 
acid 

4)  (In  the  form  of  the  halogen  salts. )  By  the  action  of  alcoholic  am- 
monia on  the  chlorides,  bromides,  and  iodides  of  the  hydrocarbons  : 

CH3I  +  NH3  =  CH3(NH2)HI. 

The  secondary  amines  are  formed  by  the  action  of  the  iodides  (chlo- 
rides or  bromides)  of  the  hydrocarbons  on  the  primary  amines  : 

CH3I  +  CH3  ~  NH2  =  (CH3)2NH  .  HI. 

The  tertiary  amines  are  formed  by  the  action  of  the  iodides,  etc.,  on 
the  secondary  amines  : 

CH3I  +  (CH3)2NH  =  (CH3)3N  +  HI. 

The  substituted  ammonium  bases  are  formed  by  the  further  action  of 
the  iodides,  etc.,  on  the.  tertiary  amines  : 

CH3I  +  (CH:)3N  =  (CH^NI. 

It  is  hence  possible  to  build  up  in  this  manner  the  completely  substi- 
tuted amines  from  the  primary  amines. 
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By  the  action  of  ammonia  on  the  iodides,  etc.,  of  the  hydrocarbons,  not 
only  the  primary  amines  are  formed,  but  also  both  the  others,  as  well  as 
the  substituted  ammoniums.  The  reason  of  this  is  that  all  the  different 
reactions  take  place  at  the  same  time. 

Amides  and  Amic  Acids. 

When  the  hydroxyl  group  of  a  monobasic  acid  is  replaced 
by  the  amido-group  NH2,  an  amide  is  formed.  Formic  acid, 
HCOOH,  gives  formamide,  HCO(NH8).  It  is  produced  by 
heating  formic  ester  with  gaseous  ammonia  : 

CHOOC2H5  +  NH3  =  CHO(NH2)  +  C2H5OH. 

Ethyl  formic  ester  Formamide  Alcohol 

Colorless  liquid,  easily  soluble  in  water.  Boils  at  194°. 
Acids  and  bases  convert  it  into  formic  acid  and  ammonia : 

CHO(NH2)  +  H20  =  CHOOH  +  NH3. 

On  distillation  with  anhydrous  phosphoric  acid,  water  is 
split  off  and  the  nitrile  is  produced  : 

CHO(NH2)  =  CHN  +  H20. 

<OTT 
qjj,  and 

yields  an  amic  acid  and  amide. 

Carbamic  acid,  carbaminic  acid,  CO<^qjj2.    The  acid  is  not  known 

in  the  free  state.  Its  salts  and  esters,  however,  exist.  The  ammonia  salt 
is  formed  on  the  contact  of  dry  carbonic  acid  and  ammonia  gas  : 

CO,  +  2  NHa  =  CO(ONH,)(NH,). 

Water  decomposes  the  salt  into  ammonium  carbonate  : 

CO(ONH4)(NH2)  +  H,0  ='(NH4)aGOa. 


The  esters  of  carbamic  acid  are  called  ureMianes,  as,  for 
example,  methyl  urethane,  ^O^OCH  ,  which  is  formed  by 
leading  chlorcyan  into  methyl  alcohol. 
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Carbamide,  Urea,  CO<^jJgj  =  CH4N30. 

Urea  occurs  in  the  urine  of  all  mammiferous  animals,  parti- 
cularly in  that  of  the  carnivora.  It  is  found  also  in  the  blood, 
liver,  bile,  lymph,  and,  in  certain  pathological  conditions,  in 
all  the  animal  fluids.  It  is  formed  by  the  action  of  phosgen 
gas  on  ammonia  : 

C0C12  +  2  NH3  =  CO(NH2)8  +  2  HC1. 

And  by  heating  ammonium  cyanate  : 

C0N(NH4)  =  CO(NH8)2. 

In  the  latter  case  there  is  a  shifting  of  the  atoms,  which  is 
termed  atomic  migration.  It  is  also  formed  from  uric  acid, 
creatinine,  and  urethane. 

It  is  usually  made  either  from  human  urine  or  from  ammonium 
cyanate.  From  the  former  it  is  obtained  by  evaporating  to  a  thin  syrup, 
and  acidifying  with  nitric  acid.  The  urea  separates  in  the  form  of  the 
difficultly  soluble  urea  nitrate.  From  ammonium  cyanate  it  is  produced 
in  the  following  manner  :  Potassium  cyanate  is  boiled  with  ammonium 
sulphate,  whereby  potassium  sulphate  and  ammonium  cyanate  are  formed. 
The  latter  is  then  transposed  into  urea. 

Urea  crystallizes  in  four-sided,  rhombic,  striated  prisms, 
which  fuse  at  120°  and  decompose  at  a  higher  temperature. 
It  is  odorless,  and  has  a  bitter,  cooling  taste  like  saltpetre. 
Water  dissolves  about  its  own  weight  of  it  at  the  ordinary 
temperature,  suffering  a  considerable  reduction  of  tempera- 
ture. At  100°  it  is  soluble  in  all  proportions  in  water.  In 
alcohol  it  is  easily  soluble,  in  ether,  almost  insoluble. 

Its  solution  is  neutral  to  test-paper.    It  combines  with  both 
bases  and  acids  to  form  salts. 
With  HC1  :     CON2H4,  HC1,  hydrochloride. 

With  HN03  :  CON2H4,  HN03)  nitrate.    Difficultly  soluble  in  water  and 
nitric  acid,  and  hence  well  adapted  for  the  separation 
of  urea  from  its  solutions. 
With  HgO  :    CON2H„  HgO. 
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With  sodium  salts,  as  for  instance,  with  NaCl  : 
CON2H4  +  NaCl  +  H,0. 

It  unites  further  with  many  other  salts,  among  which  the  compounds 
with  mercuric  nitrate  and  chloride  deserve  special  mention. 

Decompositions  of  Urea.  1)  Urea  when  heated  to 
150°-170°  evolves  ammonia  and  passes  into  biuret, 

C,H8N,Ot  : 

2  CH4N202  =  C2H5N302  +  NH3. 

C0/NH2 

Biuret,       /NH,  forms  colorless  needles  difficultly  soluble  in  water. 
C0<NH, 

2)  By  the  action  of  chlorine,  urea  yields  cyanuric  acid  (vide 
supra),  ammonium  chloride,  chlorhydric  acid,  and  nitrogen. 

If  water  is  present,  however,  chlorine  oxidizes  it  to  carbonic 
acid,  chlorhydric  acid,  and  nitrogen  : 

3  CH4N20  +  6  CI  =  C3H3N303  +  NH4C1  +  5  HC1  +  N8. 

Cyanuric  acid 

3)  Urea  falls  into  ammonia  and  cyanic  acid  on  heating 
with  a  solution  of  silver  nitrate,  or  with  phosphoric  anhydride, 
or  by  itself : 

CON2H4  =  CONH  +  NH3. 

4)  Urea  is  converted  into  ammonium  carbonate  by  heating 
with  water  at  a  high  pressure,  or  by  boiling  with  acids  or 
alkalis  : 

CON2H4  +  2  H20  =  (NH4)2C03. 

Urea  suffers  the  same  change  rapidly  and  at  ordinary  temperature 
when  putrefying  substances,  such  as  urine,  are  present. 

5)  By  the  action  of  nitrous  anhydride,  urea  is  resolved  into 
carbonic  acid  and  nitrogen  : 

CON2H4  +  N203  =  C02  +  2  H20  +  2  N2. 
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Urea  can  be  estimated  quantitatively  by  means  of  mercuric  nitrate, 
■which  forms  with  urea  a  white,  insoluble  precipitate  : 

CH.N.O  +  2HgO  +  HN03. 

The  hydrogen  atoms  in  urea  can  be  replaced  by  mono-valent 
atomic  groups.  The  greater  number  of  the  known  compounds 
of  this  class,  however,  are  substitutions  of  one  or  two  atoms 
of  hydrogen.    The  following  are  known  : 

CO<3raSCH3)  Methylurea, 
C0<^NH(ChI)  Dimethylurea, 

C0<3ra2C*H5)  Ethylurea> 

^K^l)  Diethylurea, 
C0<Kfe)  Triethylurea, 
C0\N(C:i:):  Tetritethylurea, 
C0(™!ClHl0)  Acetylurea,  etc. 


Substituted  ureas  may  be  produced  : 

1)  By  heating  urea  with  amine  bases,  aci-chlorides,  and  acid  anhy- 
drides : 

2)  By  boiling  potassium  cyanate  with  the  sulphates  of  the  amine 
bases  : 

3)  By  the  action  of  carbon  oxy-chloride  on  the  amine  bases. 
The  following  compounds  are  also  derived  from  urea  : 
Allophanic  acid,  CO<^-|j  COOH     __  (^jj^jOj, 

Biuret,  .   .   .   CO<^^CO~NH2  =  CgH,N,03  (v.  s.). 

The  esters  of  allophanic  acid  are  formed  when  cyanic  acid  gas  is  led 
into  an  alcohol  : 

2  CONH  +  CH.O  =  C3H6Ns03  =  CO<^JgiCOOCH 

Sulphocarbamic  acid,  sulphocarbaminic  acid,  corresponding 
to  carbamic  acid,  CO(SH)(NH2).    The  free  acid  is  very 
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unstable.  Its  ammonium  salt  is  obtained  by  the  action  of 
carbon  disulphide  on  alcoholic  ammonia. 

Sulphocarbamide,  thiurea,  ®S<\^R2>  corresponding  to 
urea,  CO<^^J^3,  is  obtained  from  ammonium  sulphocyanate. 

Its  formation  is  entirely  analogous  to  that  of  urea  from  ammonium 
cyanate : 

CON(NH<)  =  CO(NH2)2 
Am.  cyan.  Urea 

CSN(NH4)  =  CS(NH2)2. 

Am.  sulphocyan.  Sulpho-urea 

Dry  ammonium  sulphocyanate  is  heated  for  some  time  at  140°.  Only 
a  part  of  it,  however,  is  converted  into  thiurea.  Sulphocarbamide  crystal- 
lizes in  long,  colorless  needles  or  prisms,  fusing  at  140°.  It  combines 
with  acids  like  urea. 

The  representative  of  the  following  group  Can  be  derived 
from  urea  by  the  replacement  of  the  oxygen  by  the  di-valent 
ammonia  rest,  the  imido-group,  just  as  thiurea  is  derived 
from  urea  by  the  replacement  of  the  oxygen  by  sulphur. 


Imido-urea 

Guanidine,  Imido-urea,  C(NH)<^^2  =  CN3H5.  Guanidine 

is  produced  by  the  decomposition  of  guanine.  It  is  formed 
from  cyanamide  and  ammonium  chloride  : 

CN(NH2)  +  NH4C1  =  C(NH)<^g«  .  HOI. 

Cyanamide  -n-  2 

This  manner  of  formation  depends  on  an  atomic  migration  similar  to 
that  occurring  in  the  synthesis  of  urea  : 

CONH     +NH:i     gives  CO(NH,)2 
Cyanic  acid  Urea 

CN(NH,)  +  NH3     gives  C(NH)(NH2)2. 
Cyanamide  Guanidine 
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It  can  also  be  produced  by  the  action  of  iodocyan  on  am- 
monia, the  reaction  proceeding  on  two  steps  : 

Cm      +  NH3  =  CNNH3  +  HI, 

Iodocyan  Cyanamide 

CNNH3  +  NH3  :  C(NH)(NH2)8. 

Cyanamide 

The  ammonium  siilphocyanate  first  changes  into  thiurea,  then  splits  off 
H2S  and  passes  into  cyanamide,  which,  with  the  ammonium  siilphocyanate, 
is  transposed  into  guanidine  sulphocyanate  : 

1)  CSN- NH4  =  CS(NH2)2. 
Ammonium  Thiurea 
sulphocyanate 

2)  CS(NH2)2  =  H2S  +  CN(NH2). 

Cyanamide 

3)   CN(NH2)  +  NHj  .  HSCN  =  C(NH)(NH2)2 .  HSCN. 

Guanidine  sulphocyanate 

Guanidine  is  a  colorless,  easily  soluble,  and  crystalline  body, 
with  strong  basic  properties.  It  takes  up  carbonic  acid  from 
the  air.    The  nitrate  CH5lSr3  .  HN03  is  difficultly  soluble. 

The  Nit  rile  of  Methane. 

The  nitrile  and  its  derivatives,  among  which  are  the  imido-compounds, 
form  a  large,  important,  and  well  defined  group.  The  fundamental  com- 
pound has  the  composition  HCN,  and  as  the  H  can  be  substituted  by 
many  other  atoms  and  atomic  groups,  it  is  convenient  to  consider  it  as  a 
compound  of  the  mono-valent  group  CN  with  H.  The  group  CN  is  called 
the  cyan-group,  and  is  often  written  Cy. 

Cyanhydric  Acid,  Hydrocyanic  Acid,  Prussic  acid.  HCN,  or 
HCy.  Cyanhydric  acid  does  not  occur  in  the  free  state  in 
nature.  It  is  a  decomposition  product  of  certain  highly  con- 
stituted compounds  which  occur  in  the  kernels  of  peach  and 
cherry-pits,  and  the  flowers  of  the  amygdalese,  etc. 

The  potassium  compound,  KCN,  is  formed  from  its  three 
elements  when  they  are  subjected  to  a  very  high  temperature. 
By  passing  ammonia  over  glowing  carbon,  the  ammonium  salt 
is  obtained.    Cyanhydric  acid  can,  hence,  be  produced  from 


54 


Cj  GROUP. — METHANE  COMPOUNDS. 


inorganic  substances.  The  ammonium  compound  is  also 
formed  by  heating  ammonium  formate  : 

2  CH08(NH4)  =  CN(N"H)4  +  CO  +  3  H20. 

Sodium  cyanide  is  formed  when  nitrogenous  substances  are 
heated  with  sodium  (qualitative  test  for  nitrogen). 

Ammonium  cyanide  is  also  formed  by  passing  a  mixture  of 
the  vapors  of  chloroform  and  ammonia  gas  through  a  tube 
heated  to  300°  : 

CHC13  -f  5  NH3  =  CN(NH4)  +  3  NH4C1. 

Ammonium 
cyanide 

If  potassium  hydroxide  is  added  to  a  solution  of  a  chloroform  and 
alcohol  in  ammonia,  a  violent  reaction  takes  place  at  ordinary  tempera- 
tures, and  potassium  cyanide  is  formed  : 

CHC13  +  NH3  +  4  KHO  =  CNK  +  3  KC1  +  4  HsO. 

Potassium 
cyanide 

Cyanhydric  acid  is  manufactured  from  potassium  ferrocyanide,  a  com- 
plicated cyanogen  compound,  K4Fe(CN)<;,  and  dilute  sulphuric  acid.  10 
parts  of  the  ferrocyanide  are  mixed  with  7  parts  of  sulphuric  acid  and 
15-20  parts  of  water,  and  the  whole  distilled.  A  dilute  cyanhydric  acid 
is  obtained,  which  is  freed  from  water  by  means  of  calcium  chloride. 

Cyanhydric  acid  is  a  colorless  liquid,  boiling  at  27°  and  solid- 
ifying at  —15°.  It  ismiscible  with  water,  alcohol,  and  ether, 
and  burns  with  a  blue  flame.  It  is  extremely  poisonous.  In 
a  dilute  state  its  odor,  which  resembles  that  of  bitter  almonds, 
causes  giddiness  and  a  disagreeable  roughness  in  the  throat. 
On  standing  it  soon  decomposes.  Its  solution  in  water  is  more 
stable,  particularly  when  a  drop  of  sulphuric  acid,  or  a  small 
piece  of  phosphorus  is  added  to  it.  Chlor-  brom-  and 
iodohydric  acid  gases  combine  with  it,  forming  solid  white 
compounds. 

Although  cyanhydric  acid  scarcely  reddens  litmus  paper,  it 
is  a  well-defined  acid,  its  hydrogen  being  easily  replaced  by 
metals.    Its  most  important  salts  are  : 
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Potassium  Cyanide,  KCN,  or  KCy.  This  salt  is  produced  by 
fusing  anhydrous  potassium  ferrocyanide  under  exclusion  of 
air,  with  or  without  the  addition  of  potassium  carbonate. 

The  potassium  cyanide  thus  obtained  is  not  pure,  as  it  contains  potas- 
sium cyanate  and  carbonate,  but  it  can  be  used  for  most  purposes.  Pure 
potassium  cyanide  can  b3  made  by  passing  cyanhydric  acid  into  an 
alcoholic  solution  of  potassium  hydroxide.  The  potassium  cyanide,  which 
is  insoluble  in  alcohol,  is  precipitated. 

Potassium  cyanide  crystallizes  in  cubes,  is  easily  soluble  in 
water,  deliquescent  when  exposed  to  the  air,  and  almost  insolu- 
ble in  absolute  alcohol.  Its  aqueous  solution  decomposes 
rapidly,  potassium  and  ammonium  formates  and  a  brown 
amorphous  mass  being  produced  : 

KCN  +  2  H20  =  CHK02  +  NH3. 

Potassium  cyanide  always  has  the  odor  of  cyanhydric  acid, 
because  the  carbonic  acid  contained  in  the  air  sets  the  acid 
free.  In  a  dry  state  it  is  very  stable.  When  heated,  so  long 
as  it  is  not  exposed  to  the  oxygen  of  the  air,  or  when  the  air 
is  excluded,  it  can  be  fused  and  even  volatilized ;  by  heating  in 
the  presence  of  air,  however,  it  is  decomposed  into  potassium 
cyanate  : 

CNK  +  0  =  CNOK. 

Metallic  oxides  act  in  the  same  manner,  but  more  energeti- 
cally. Fused  with  sulphur,  or  sulphides,  it  yields  potassium 
sulphocyanate  :  ■ 

CNK  +  S  =  CNSK. 

Owing  to  its  power  of  taking  up  oxygen,  it  is  a  powerful  re- 
ducing agent.  It  is  largely  used  in  the  arts  (electroplating,  etc. ). 

Ammonium  cyanide,  (NH)4CN,  is  formed  by  the  action  of  ammonium 
chloride  on  potassium  cyanide.  It  sublimes  at  36°  and  is  extremely 
poisonous. 

Silver  cyanide,  AgCN,  is  obtained  by  the  precipitation  of  potassium 
cyanide  with  silver  nitrate.    It  is  insoluble  in  water  and  nitric  acid, 
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soluble  in  an  excess  of  potassium  cyanide,  forming  a  crystalline  double 
salt,  CNAgCNK,  soluble  in  water.  The  double  cyanides  of  silver,  gold, 
and  nickel  are  employed  in  electro-plating. 

Mercury  cyanide,  Hg(CN)2,  is  obtained  by  dissolving  mercuric  oxide  in 
aqueous  cyanhydric  acid.    Finely  crystallizable  salt,  soluble  in  water. 

If  a  solution  of  potassium  cyanide  is  boiled  with  a  solution 
of  a  ferrous  salt,  e.  g.,  with  ferrous  sulphate,  a  peculiar  com- 
pound of  ferrous  cyanide  and  potassium  cyanide  is  formed, 
Fe(CN)2  +  4  KCN.  This  body  is  not  a  double  salt  of  the  two 
cyanides,  and  reagents  do  not  decompose  it  into  the  respective 
cyanides.  The  six  cyan-groups  are  intimately  united  with 
each  other  and  with  the  iron,  forming  an  atomic  complex 
which  possesses  four  free  attractive  energies,  satisfied  in  the 
above  case  by  four  potassium  atoms.  The  potassium  in  this 
compound  can  easily  be  replaced  by  other  metals,  or  it  can  be 
replaced  by  hydrogen  atoms,  giving  rise  to  a  compound  which 
in  all  its  properties  is  a  well-characterized  acid. 

The  tetra-valent  group,  Fe(CN)4,  is  termed  ferrocyan,  or 
prussan,  and  for  the  sake  of  brevity  is  often  written  Cfy. 

Potassium  Ferrocyanide,  Yellow  Prussiate  of  Potash, 
K4Fe(CN)6,  forms  the  starting-out  point  for  the  production 
of  all  cyanogen  compounds.  Its  formation  from  potassium 
cyanide  has  already  been  given. 

It  is  prepared  on  a  large  scale  by  melting  together  in  large  iron  pots 
crude  potassium  carbonate  (potash),  animal  waste  (horn,  leather,  blood, 
etc.),  and  iron  scrap,  then  cooling,  lixiviating,  and  crystallizing.  By  the 
fusion  of  the  above  substances,  potassium  cyanide  is  produced  from  the 
carbon  and  nitrogen  existing  in  the  animal  matters.  The  potassium  sul- 
phate which  exists  in  the  potash  is  reduced  by  the  iron,  forming  ferrous 
sulphide.  On  Uxiviation  these  two  compounds  react  on  each  other,  yield- 
ing potassium  ferrocyanide  and  sulphide  : 

FeS  +  6KCN  =  K4Fe^CN)6  +  KaS. 

Potassium  ferrocyanide  crystallizes  in  yellow  quadratic 
prisms  with  three  molecules  of  water  :  K4Fe(CN")6  +  3  H20. 
It  is  stable  in  the  air,  soluble  in  four  parts  of  water,  and  insol- 
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uble  in  alcohol.  It  is  not  poisonous.  At  100°  it  loses  its 
water  slowly,  becoming  white,  but  on  exposure  to  the  air  it 
gradually  regains  its  water  of  crystallization  and  its  color.  At 
a  temperature  near  the  red  heat  it  fuses  and  decomposes  into 
potassium  cyanide,  carbon,  iron,  and  nitrogen  : 

K4Fe(CN)6  =  4  KCN  +  2  C  +  Fe  +  N2. 

By  heating  with  concentrated  sulphuric  acid,  carbonous 
oxide  is  evolved  : 

K4Fe(CN)6  +  6  H3S04  +  6  H20  =  2  K2S04  +  FeS04 
+  3(NH4)2S04+6CO. 

Heated  with  dilute  sulphuric,  however,  cyanhydric  acid  is 
set  free,  and  potassium  ferrous  ferrocyanide,  an  insoluble 
compound,  is  formed  : 

2  K4Fe(CN)6  +  3H2S04=3K2S04  +  K2Fe2(CN)6+6CNH. 

In  the  former  case  the  cyanhydric  acid  as  it  is  formed  breaks 
into  carbonous  oxide  and  ammonia  : 

CHN  +  H20  =  CO  +  NH3. 

Oxidizing  agents,  such  as  an  aqueous  solution  of  chlorine, 
abstract  from  two  molecules  of  potassium  ferrocyanide  two 
molecules  of  potassium,  forming  potassium  ferricyanide,  or  red 
prussiate  of  potash. 

2  K4Fe(CN)6  +  Cl2  =  2  KC1  +  K6Fe8(CN),  2. 

Nitric  acid  converts  the  yellow  prussiate  into  potassium  nitroprus&ide : 

K4Fe(CN)8  +  3  HN03  =  K2Fe(CN)5(NO)  +  2KN03  +  C02  +  NH3. 

By  the  action  of  dilute  acids,  the  potassium  in  potassium  ferrocyanide 
is  replaced  by  hydrogen,  forming 

Hydroferrocyanic  acid,  H4Fe(CN)«.  This  body  is  a  strong  acid  in 
which  the  four  basic  hydrogen  atoms  can  be  replaced  by  the  same  or  dif- 
ferent metals.  On  exposure  to  the  air  it  rapidly  turns  blue,  owing  to  the 
formation  of  Prussian  blue. 
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Ferric i^rroc?/awuZe,(Fe3)3[Fe(C]Sr)6].?,  Prussian  Blue.  This 
salt  is  formed  by  the  action  of  a  soluble  ferrocyanide  on  a 
soluble  ferric  salt,  as  ferric  chloride  : 

3K4FeCy6  +2Fe3Cl6  =  (Fe,),[Fe(ON),]3  +  12  KC1. 

It  is  a  dark -blue  compound,  insoluble  in  water  and  dilute 
acids,  but  soluble  in  an  excess  of  potassium  cyanide,  or  oxalic 
acid  solutions.  Its  formation  is  a  characteristic  test  for  the 
presence  of  a  ferrocyanide,  and  since  all  cyan  compounds  can 
be  converted  into  potassium  ferrocyanide  (by  boiling  with 
potassium  hydroxide  and  ferrous  sulphate),  it  serves  as  a  gen- 
eral test  for  their  presence. 

Ferrous  salts  give  with  soluble  ferrocyanidesa  white  precipitate,  which, 
when  exposed  to  the  air,  turns  blue,  owing  to  oxidation. 

Copper  salts  give  a  characteristic  reddish  brown  precipitate  of  cupric 
ferrocyanide. 

Potassium  Ferricyanide,  Red  Prussiate  of  Potash, 
K6Fe2(CN)12,  is  obtained  by  leading  chlorine  into  a  solution 
of  potassium  ferrocyanide.  It  forms  deep  red  crystals,  easily 
soluble  in  water  but  insoluble  in  alcohol.  With  ferric  salts, 
it  yields  a  deep  blue  precipitate,  called  T urribuWs  blue,  which 
resembles  Prussian  blue  very  much.  Solutions  of  ferric  salts 
are  colored  brown,  but  not  precipitated  by  it. 

Hydroferricyanic  acid,  HbFc^CN)^,  is  formed  by  the  action  of  acids  on 
potassium  ferricyanide.  Brownish  deliquescent  needles,  quickly  turning 
blue  on  exposure  to  the  air. 

Nitroprusside  compounds,  as  already  stated,  are  formed  from  the  ferro- 
cyanides  by  the  action  of  nitric  acid.  The  sodium  salt,  NaFeCy5(NO),  is 
the  most  important.  It  crystallizes  in  beautiful,  ruby, rhombic  needles. 
Soluble  nitroprussides  are  a  most  extremely  delicate  test  for  soluble 
sulphides,  giving  a  purple-led  color  with  them,  which,  however,  soon  fades 
out. 

Corresponding  to  the  ferrocyanides  there  are  series  of  compounds  in 
which  the  iron  is  replaced  by  manganese,  chromium,  and  cobalt. 

Potassium  manganocyanide,  K4MnCy6  +  3H*0,  deep -blue  quadratic 
tablets.  Potassium  manganicyanide,  KeMn^Cy ,  2,deep-red  rhombic  prisms. 
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Both  of  these  compounds  are  easily  decomposable.  Potassium  chromi- 
cyanide,  K6Cr2Cyi2,  bright-yellow  prisms,  also  easily  decomposable.  The 
most  stable  of  this  series  are  the  cobalticyanides,  of  which  potassium 
cobalt  icy  anide,  K6Co2(CN),2,  crystallizing  in  yellow  prisms,  and  hydro- 
cobalticyanic  acid,  H6Co2(CN)i2,  forming  white -fibrous  crystals,  are  the 
most  prominent. 

The  H  in  cyanhydric  acid  can  be  substituted,  not  only  by 
metals,  but  also  by  the  halogens — chlorine,  bromine,  and 
iodine. 

Chlorcyan,  cyanogen  chloride,  CNC1.  There  are  two  modi- 
fications of  this  body,  one  a  solid  and  the  other  a  liquid. 
The  difference  between  them  lies  in  their  molecular  weight, 
the  liquid  one  having  the  formula  CNC1,  while  the  solid  is 
three  times  as  large,  C3N3C13. 

Chlorcyan,  CNC1,  is  obtained  by  acting  on  mercuric  cyanide  with 
chlorine  at  —V.  It  is  a  colorless  iiquid,  boiling  at  15°.  When  pure,  it 
will  keep  for  a  long  time  unchanged,  but  when  impure  it  soon  passes 
into  the  solid  chlorcyan. 

Tri-chlorcyan,  C3N3CI3,  is  formed  from  the  preceding  compound;  or 
it  can  be  made  by.  passing  chlorine  into  anhydrous  cyanhydric  acid 
exposed  to  direct  sunlight.  It  crystallizes  in  needles  or  leaflets,  which 
fuse  at  145°  and  boil  at  190°.    It  is  very  poisonous. 

Mercuric  cyanide  treated  with  bromine  yields  bromcyan,  CNBr.  Long 
needles,  boiling  at  150°. 

With  iodine,  mercury  cyanide  forms  iodocyan,  CNI.  Fine- white  needles, 
which  sublime  at  45°,  possess  a  penetrating  odor,  and  are  poisonous. 

The  chlorine,  bromine,  and  iodine  in  the  cyan  compounds  can  easily  be 
replaced  by  mono-valent  atomic  groups  : 

-  2  KHO  +  CNC1  ^  KC1  +  CN(OK)  +  H20 
Potassium 
cyanate 

2  NH3  +  CNC1  =  NH4C1  +  CN(NH2),  etc. 

Cyanamide 

The  H  in  cynahydric  acid  can  also  be  replaced  by  alcohol 
rests,  thus  giving  rise  to  organic  cyanides.  A  difference  in  the 
b'.nding  of  the  atoms  of  cyanhydric  acid,  which  has  as  yet  not 
appeared  in  the  compounds  so  far  considered,  must  now  be 
mentioned. 
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It  is  a  well-known  fact  in  inorganic  chemistry  that  nitrogen 
acts  both  as  a  tri-valent  and  penta-yalent  element.  Cyan- 
hydric  acid  may  be  considered,  therefore,  not  only  as  a  com- 
pound in  which  a  tetra-valent  carbon  atom  holds  together  a 
tri-valent  nitrogen  atom  and  a  mono-valent  hydrogen  atom, 
II~C=N,  but  as  one  in  which  a  penta-valent  nitrogen  atom 
binds  a  tetra-valent  carbon  atom  and  a  mono-valent  hydrogen 
atom,  H~JS"1C.  In  the  former  case,  the  hydrogen  is  bound  to 
the  carbon,  forming  a  CH-group,  which  is  united  to  the  nitro- 
gen ;  while  in  the  latter,  the  H  is  bound  to  N,  forming  an 
NH-group,  which  is  united  to  carbon.  Cyanides  most  prob- 
ably consist  of  a  mixture  of  both  of  these  modifications, 
which,  on  account  of  the  great  similarity  of  their  reactions, 
have  not  as  yet  been  separated.  In  the  compounds  of  cyan 
with  hydrocarbon  rests,  however,  the  isomerism  is  very  marked. 

Cyanmethyl,  Methyl  Cyanide,  H3C~C=N  =  C2H3N.  The 
CH3  is  bound  to  the  C  of  the  cyan.  It  is  formed  by  the  dis- 
tillation of  potassium  methylsulphate  with  potassium  cyanide  ; 
or  by  digestion  of  methyl  iodide  with  potassium  cyanide  : 
CH3I  +  KCN  =  CH3CN  +  KI. 

It  is  a  liquid  boiling  at  82°,  with  an  ethereal  odor,  and  miscible  with 
water.  On  boiling  with  acids  or  alkalis,  it  falls  into  acetic  acid  and 
ammonia : 

H3C"CN  +  KHO  +  H20  =  H3CTC02K  +  NH3. 

Potassium  acetate 

It  is  also  produced  by  the  action  of  dehydrating  agents  on  acetamide. 
Phosphoric  anhydride,  for  instance,  extracts  a  molecule  of  water  from 
acetamide  : 

C2H3ONH2  -  H20  =  C2H3N. 
Acetamide  Methyl  cyanide 

It  is  hence  also  called  aceto-nitrile.  Sodium  converts  it  into  the  poly- 
meric methyl  cyanurate,  or  kyanmethyl,  (CH3~CN)3,  a  basic  compound 
fusing  at  180°. 

Methylcarbammonium,  Methyl  Isocyanide,  H3C"NC  (the 
CH3  is  bound  to  the  N  of  the  cyan).     It  is  formed  by  the 
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action  of  one  molecule  of  methyl  iodide  on  two  molecules  of 
silver  cyanide.  A  double  compound  of  methyl  cyanide  and 
silver  cyanide  is  first  formed,  which  is  decomposed  by  the 
potassium  cyanide.  By  the  distillation  of  potassium  methyl- 
sulphate  with  potassium  cyanide,  it  is  produced  together  with 
the  normal  methyl  cyanide.  It  is  also  obtained  by  digesting 
chloroform  with  methylamine  in  the  presence  of  potassium 
hydroxide : 

CH3NH2  +  CHCI3  =  CH3NC  +  3HC1. 

This  is  the  same  reaction  as  the  one  by  which  cyanhydric  acid 
is  formed  from  chloroform  and  ammonia  (p.  54).  If  instead  of 
ammonia  the  methylated  ammonia  (methylamine)  is  taken,  a 
methylated  cyanhydric  acid  (methyl  isocyanide)  is  produced 
instead  of  cyanhydric  acid. 

Methyl  isocyanide  is  a  liquid  boiling  at  59".  It  has  a  most  disagree- 
able odor,  and  is  not  miscible  with  water.  It  is  hardly  acted  on  by 
alkalis,  but  acids  decompose  it  easily  into  methylamine  and  formic 
acid  : 

H3CTNC  +  HC1  +  2  H20  =  H3CNH2  .  HC1  +  CH202. 

It  is  well  known  that  cyanhydric  acid,  by  taking  up  two  molecules  of 
water,  falls  into  formic  acid  and  ammonia  : 

HCN  +  2  H20  =  HCOOH  +  NH3. 

Both  the  methyl  cyanides,  or  methylated  cyanhydric  acids,  suffer  the 
same  decomposition,  the  one  by  the  action  of  alkalis,  the  other  by  acids. 
In  the  case  of  methyl  cyanide  the  products  of  the  decomposition  are  methyl- 
ated formic  acid  (acetic  acid)  and  ammonia,  while  from  the  methyl  iso- 
cyanide, formic  acid  and  methylated  ammonia  (methylamine)  are  formed  : 

H5(TCN  +  2  H-20  =  H3CTCOOH  +  NH3. 
Methyl  cyanide  Acetic  acid 

HaC~NC  4-  2  H20  =  H:,C_NH2    +  CHOOH. 
Methyl  isocyanide  Methylamine        Formic  acid 

The  cause  of  this  difference  in  the  reactions  is  that  in  methyl  cyanide 
the  methyl  is  bound  to  the  carbon,  while  in  the  methyl  isocyanide  it  is 
bound  to  the  nitrogen  of  the  cyan.  The  binding  is  not  broken  in  the 
reaction. 
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All  cyanides  are  decomposed  by  boiling  with  acids  or  alka* 
lis.  Normal  cyanides  yield  acids  of  It  iglier  carbon  content 
and  ammonia.    Isocyanides  give  formic  acid  and  amine  bases. 

Compounds  of  Cyanic  Acid. 

There  are  two  series  of  cyanic  acid  compounds.  The  first 
is  derived  from  carbimide,  CONH,  the  second  from  cyanhy- 
droxyl,  CNOH.  In  the  first  series  the  0  is  bound  to  the  C 
by  both  its  bonds,  and  the  N  by  two.  The  third  bond  of  the 
N  is  satisfied  by  an  H.  In  the  second  series  the  N"  is  bound 
to  the  C  by  its  three  bonds,  and  0  by  one  bond.  The  second 
bond  of  the  0  is  satisfied  by  an  H.  The  first  series  comprises 
the  normal  cyanic  acid  compounds,  the  second,  the  isocyanic 
acid  compounds. 

Cyanic  Acid,  CONH,  is  a  gas  with  a  piercing  odor.  Under 
0°  it  condenses  to  a  liquid.  With  water  it  soon  breaks  into 
carbonic  acid  and  ammonia  : 

CONH  +  H20  =  C03  +  NH3. 

It  changes  easily  into  a  polymeric  solid  porcelain-like  mass  called 
cyamelid.    Cyanic  acid  is  formed  by  heating  cyanuric  acid. 

Cyanuric  Acid,  C3O3N3H3,  has  a  molecular  weight  three 
times  as  great  as  cyanic  acid.  It  is  obtained  by  the  action  of 
water  on  solid  chlorcyan  : 

C3N3CI3  +  3  H30  =  C303N3H3  +  3  HC1. 

And  also  by  heating  urea  saturated  with  chlorhydric  acid 
to  150°: 

3  CO(NH2)3  =  C3O3N3H3  +  3  NH3. 

The  acid  crystallizes  with  two  molecules  of  water. 

Cyanic  acid  is  monobasic.  Cyanuric  acid  is  tribasic,  and  forms  three 
series  of  salts. 
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Potassium  Cyanate,  CONK,  is  obtained  by  fusing  potassium 
cyanide  with  minium,  Pb304.  It  crystallizes  in  thick  short 
needles  or  leaflets,  and  is  easily  decomposed  into  potassium 
carbonate  and  ammonia  : 

CONK  +  2  H20  =  KHCO3  +  NH3. 

Potassium  Isocyante,  CNOK,  is  formed  by  the  action  of 
potassium  hydroxide  on  iodocyan  : 

CNI  +  2  KHO  =  CNOK  +  KI  +  H20. 

It  crystallizes  in  finely  felted  needles. 

Ammonium  Cyanate,  CON(NH4),  is  produced  by  mixing 
cyanic  acid  gas  and  ammonia  gas.  By  boiling  with  water  it 
is  transformed  into  urea  : 

CON(NH4)  =  CO^ggj. 

Methyl  cyanic  ether,  CON(CH3),  is  formed,  together  with  methyl  cyan- 
uric  ether,  by  the  distillation  of  potassium  methylsulphate  with  potas- 
sium cyanate.  It  is  a  very  volatile  liquid,  possessing  a  powerful  odor 
which  causes  weeping.  By  the  action  of  ammonia,  methylurea  is  pro- 
duced  : 

CON(CH3)  +  NH3  =  CO^JJJ(2CH;,). 

It  is  converted  by  boiling  with  potassium  hydroxide  solution  into 
methylamine  and  potassium  carbonate  : 

CON(CH3)  +  2  KHO  =  K,C03  +  CH3(NH2). 

Methyl  isocyanic  ether,  CNO(CH3),  is  produced  by  the  action  of 
sodium  methoxide  on  chlorcyan  : 

CNC1  +  CII3ONa  =  CNOCH3  +  NaCl. 

Methyl  cyanuric  ether,  C:)03N3(CH:,):t,  is  polymeric  with  methyl  cyanic 
ether.  It  is  a  white  crystalline  compound,  fusing  at  175°  and  boiling  at 
295°.    On  boiling  with  potassium  hydroxide  it  also  yields  methylamine. 

Corresponding  to  the  two  series  of  cyanic  acid  compounds 
there  are  two  series  in  which  the  oxygen  is  replaced  by  sul- 
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phur,  viz.,  the  sulphocyanic  acid  and  isosulphocyanic  acid 
compounds. 

Sulphocyanic  Acid,  CN~SH,  is  an  oily  liquid  with  an  odor 
resembling  acetic  acid.  It  breaks  very  easily  into  cyanhydric 
acid  and  persulphocyanic  acid.  C2N2H2S3. 

Potassium  Sulphocyanate,  CN~SK,  is  obtained  by  fusing  potas- 
sium cyanide  with  sulphur.  It  crystallizes  in  prisms  resem- 
bing  nitre,  is  deliquescent,  and  very  easily  soluble  in  water 
with  considerable  reduction  of  temperature.  Soluble  ferric 
salts  give  a  red  color  with  it  even  in  very  dilute  solutions. 

Ammonium  Sulphocyanate,  NH4SCN,  is  formed  on  bringing 
together  carbon  disulphide  and  ammonia : 

CS2  +  2  NH3  =  CSN(NH4)  +  H2S. 

Colorless,  deliquescent  tablets,  easily  soluble  in  water  and 
alcohol.    At  140°  it  is  partially  decomposed  into  thiurea  : 

CSN(NH)4  =  CS<^™2. 

At  180°,  however,  it  passes  into  guanidine  sulphocyanate 
(p.  53). 

The  ethers  of  the  sulphocyanic  acids  bear  different  names. 
Those  of  the  normal  sulphocyanic  acid,  CN~SH,  are  called 
sulphocyanic  ethers,  but  those  of  the  isosulphocyanic  acid 
are  known  as  mustard  oils,  or  thio-carh-alkylamhies. 

Methyl  sulphocyanic  ether,  CN(SCH3),  is  made  by  the  action  of  potas- 
sium methylsulphate,  or  methyl  iodide,  on  potassium  sulphocyanate.  It 
is  a  colorless  liquid,  boiling  at  133",  with  the  odor  of  leeks.  Nascent 
hydrogen  converts  it  into  methylamine  and  methyl  mercaptan: 

CNSCH3  +  2H,  =  CH2S  +  CH3NH,. 

On  heating  to  130°  it  passes  partly  into  the  polymeric  compound, 
methyl  sulphocyanuric  ether,  a  crystalline  body  fusing  at  188°,  and  partly 
into  the  isomeric  methyl  mustard  oil. 

Methyl  mustard  oil,  methyl  thiocarbamine,  CS(NCH3),  is  formed 
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from  the  methylamine  salt  of  methylsulphocarbamic  acid  (obtained  by 
bringing  together  carbon  disulphide  and  methylamine),  CS/^W,^6^, 
and  mercuric  chloride: 

CKxR(ckf  +  BsCh  =  CSN(CHS)  +  HgS 
+  CH5N  .  HC1  +  HC1. 

It  is  a  white,  crystalline  compound,  fusing  at  34°  and  boiling  at  119°. 
It  has  the  piercing  odor  of  horse-radish.  Nascent  hydrogen  converts  it 
into  methyl-sulphaldehyde  and  methylamine  : 

CSNCH3  +  2  H2  =  CH2S  +  CH3NH2. 

If  the  H  of  cyanhydric  acid  is  replaced  by  a  cyan  group,  we 
obtain  : 

Cyan,  or  Cyanogen,  CN'CN,  or  C2N„.  It  is  produced  by 
heating  mercuric  or  argentic  cyanide,  or  by  heating  ammo- 
nium oxalate,  or  oxamide,  with  a  dehydrating  agent,  as  phos- 
phoric anhydride  : 

C204(NH4)2-4H20  =  C2N2, 

Ammonium  Cyan 
oxalate 

C202(NH2)2  -2H20  =  C2N2. 

Oxamide 

It  exists  in  the  gases  of  the  blast  furnace. 

Inversely,  the  aqueous  solution  of  cyan  takes  up  water  and  passes 
gradually  into  ammonium  oxalate  : 

CsN,  +  4  H20  =  C,0,(NH()5. 

Cyan  is  a  colorless  gas  with  a  suffocating  odor.  It  con- 
denses to  a  liquid  at  —25°,  is  combustible  and  burns  with  a 
red  flame. 

Its  aqueous  solution  decomposes  rapidly  with  the  separation  of  a 
brown  amorphous  mass  known  as  ozulmic  acid,  C,N4H40j  ;  ammonium 
carbonate,  cyanate,  and  oxalate  are  also  formed. 

Mercuric  cyanide  when  heated  leaves  a  brown  amorphous 
residue,  the  composition  of  which  is  the  same  as  that  of  cyan, 
5 
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but  its  molecular  weight  is  not  known.  It  is  called paracyan, 
or  para  cyanogen.  On  being  heated  to  a  red  heat  it  passes 
into  cyan. 

By  treating  chlorcyan  with  ammonia  we  obtain 

Cyanamide,  CiTNH2,  or  C^Jjj,  CN3H3. 

CNC1  +  2  NH3  =  CN(NHS)  +  NH4C1. 

Crystalline  compound  fusing  at  40°,  soluble  in  water,  alcohol,  and 
ether.  In  ammoniacal  aqueous  solution  it  changes  gradually  into  di- 
cyandiamide,  or  param,  (CN)i(NH2),,  which  crystallizes  in  rhombic  tablets 
fusing  at  205°,  and  is  converted  by  acids  into  the  basic  dicyandiamidine, 
CaN4H(.,0.  Heated  to  150°  cyanamide  passes  into  the  trimolecular  cyan- 
wamide,  CaN:i(NHo)3,  or  melamine,  which  crystallizes  in  octahedrons. 

Between  melamine,  (CN)3  (NH,)3,  and  cyanuric  acid,  (CN)3(OH)2, 
stands  ammeline,  (CN)3(NHa)4OH,  which  is  obtained  by  the  action  of 
potassium  hydroxide  on  melamine  : 

(CN)3(NH2)3  +  KOH  =  (CN)3(NH2)2OK  -j-  NH3. 

Potassium  ammelide 

Among  the  hitro-compounds  of  methane  we  shall  consider 
the  following  : 

Mtrometliane,  CH3~N02,  is  formed  by  the  action  of  silver 
nitrite  on  methyl  iodide.  It  is  a  liquid  boiling  at  101°.  With 
nascent  hydrogen  it  yields  methylamine  ;  with  sodium  hydrox- 
ide, sodium  nitrometliane  is  formed,  CH^l^aNO;,.  The  latter 
is  a  white  solid  substance  which  gives  with  bromine  bromnitro- 
methane,  CH2Br]Nr02,  and  with  nitrous  acid  methylnitrolic 
acid,  CH(N02)N~OH. 

By  distilling  methyl  alcohol  with  a  mixture  of  salt,  nitre,  and  sulphuric 
acid,  chlorpicrin,  or  nitrochloroform,  CC13(N02),  is  obtained.  It  is  a  color- 
less liquid  boiling  at  112°,  with  a  piercing  odor.  Its  vapors  cause  weeping. 
Nascent  hydrogen  converts  it  into  methylamine. 

Nitroform,  CH(N02)3,  is  produced  by  the  action  of  water  on  trinitro- 
methylcyanide.  It  forms  cubical  crystals,  with  a  bitter  taste  and  un- 
pleasant odor,  which,  fuse  at  15°,  and  explode  violently  when  heated 
suddenly.  Treated  with  a  mixture  of  sulphuric  and  nitric  acids  there  is 
formed 
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Tetra-nitromethane  C(N02)„  a  liquid  solidifying  at  13°  and  boiling 
at  126°.    It  is  neither  combustible  nor  explosive. 

Fulminic  acid,  nitrocyanmethane,  CN'CHTNOo.  The  acid  does  not 
exist  in  the  free  state,  but  its  salts  are  well  Known,  and  the  mercuric 
fulminate,  in  particular,  is  used  as  an  explosive  (percussion  caps,  etc.). 
Mercuric  fulminate  is  produced  by  adding  alcohol  to  a  solution  of  mer- 
cury in  nitric  acid.  It  separates  in  prismatic  crystals,  which  explode 
violently  when  struck.  Silver  fulminate  can  be  obtained  in  a  similar 
manner.  By  boiling  mercuric  fulminate  with  potassium  or  ammonium 
chloride,  salts  otfulminuric  acid,  C3H3N303,  an  acid  isomeric  with  cyan- 
uric,  are  formed. 

The  further  substitutions,  dinitrocyanmethane,  CN~CH(N02)2,  and 
trinitrocyanmethane,  CN~C(N02)3,  are  also  known. 

Phosphorus  Derivatives. 

There  are  compounds  analogous  to  the  amines,  in  which 
instead  of  the  tri-valent  nitrogen,  we  have  a  tri-valent  phos- 
phorus. Such  compounds  are  called  phosphines.  They  do 
not  possess  the  marked  basic  properties  of  the  amines,  i.e., 
they  do  not  combine  so  easily  with  acids  to  form  salts,  in  fact 
the  hydrogen  phosphide,  from  which  they  are  derived  in  the 
same  manner  as  the  amines  from  ammonia,  has  no  tendency 
to  form  salts.  The  only  salt  that  can  be  easily  produced 
from  it,  phosphonium  iodide,  PH4I,  is  energetically  decom- 
posed by  water  into  iodohydric  acid  and  hydrogen  phosphide 
(phosphine).  On  the  other  hand,  they  have  a  strong  tendency 
to  oxidize,  whereby  the  phosphorus  passes  from  the  tri-valent 
to  the  penta-valent  state.  Phosphines  are  formed  by  the 
action  of  hydrogen  phosphide  on  alkylogens,  the  reaction 
being  analogous  to  the  formation  of  amines  from  ammonia  : 

CH31+  PH,    =  CH3PH3  .  HI, 
2  CH3I  +  2  PH3  =  (CH3)2PH  .  HI  +  PH4  .  I. 

Phosphonium  iodide  also  acts  on  the  alkylogens,  iodohydric  acid  being 
split  off  : 

CH3I  +  PH.I  =  CH3PH2  .  HI  +  HI. 
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The  peculiar  compounds  formed  by  the  oxidation  of  the  phosphines 
are  called  phosphinic  acids.  The  oxidation  of  the  phosphines  is  easily- 
understood  when  the  fact  is  recalled  that  hydrogen  phosphide  is  easily 
oxidized  to  phosphoric  acid.  The  process  of  oxidation  is  the  same  in  case 
of  a  phosphine,  except  that  in  the  case  of  hydrogen  phosphide  all  the  H's 
are  oxidized  to  OH's,  while  in  the  phosphines  the  alkyl  substitution  is  not 
oxidized  : 

/H  /OH 
Pr-H      is  oxidized  to  O^P^OH 
\H  \OH 
Phosphine  Phosphoric  acid 

/CH3  /CH3 
P(-H      is  oxidized  to  0=P^OH 
\H  \OH 
Methylphosphine  Methylphosphinic  acid 

/CH3  /CH3 
P^CH3  is  oxidized  to  0=P^CH3 

\H  \oh 

Dimethylphosphine  Dimethylphospliinic  acid 

/CH3  /CH3 
P^-CH3  is  oxidized  to  0=P^CH3 
\CH3  \CH3 
Trimethylphosphine  Trimethylphosphinic  oxide 

Phosphoric  acid  is  a  tribasic  acid,  methylphosphinic  acid  is  a  dibasic 
acid,  dimethyl-phosphinic  acid  is  a  monobasic  acid  ;  trimethylphosphinic 
oxide  is  not  an  acid  since  it  contains  no  hydroxyl. 

The  oxidation  is  easily  effected  by  means  of  fuming  nitric  acid. 

The  phosphines  are  colorless  liquids  with  unpleasant  odors  and  strong 
refractive  powers.  They  oxidize  easily  when  exposed  to  the  air,  often 
taking  fire,  particularly  when  warm.  Hence  during  their  production 
and  distillation  the  air  must  be  kept  excluded  from  them. 

Methylphosphine,  CH3PH2.  At  ordinary  temperatures  it  is  a  colorless 
gas  with  a  very  unpleasant  odor  somewhat  resembling  hydrogen  phos- 
phide. By  leading  it  into  concentrated  iodohydric  acid,  methyl-phos- 
phonium  iodide,  CH3(PH2)HI,  is  obtained  in  white  rhombohedrons  which 
are  decomposed  by  water  into  their  constituents.  Fuming  nitric  acid 
converts  it  into  the  dibasic  methyl-phosphinic  acid,  CH3PO,OH)2. 

Dimethylphosphine,  (CH3)2PH,  is  a  colorless  liquid  boiling  at  25°.  It 
has  a  very  disagreeable  odor,  and  ignites  when  exposed  to  the  air.  Fuming 
nitric  acid  converts  it  into  the  mono-basic  dimethylphosphinic  acid. 

Trimethylphosphine,  (CH3)3P,  is  produced  by  the  action  of  phosphorus 
trichloride  on  zinc  methyl : 
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2  PC13  +  3  (CH3)2Zn  =  2  (CH3)3P  +  3  ZnCla. 

Colorless,  strongly  refractive  liquid  boiling  at  40°.    It  unites  easily  with 
oxygen  to  (CH3)3PO,  with  chlorine  to  (CH3)3PC12,  with  bromine  to 
(CH3)3PBr2,  with  sulphur  to  (CH3)3PS,  with  selenium,  etc. 
Trimethylphosphine  unites  with  methyl  iodide  to  form 
Tetra-methyl-phosphonium  iodide,  (CH3)4  PI,  which  by  the  action  of 
silver  oxide  is  converted  into 

Tetra-methyl-phosphonium  hydroxide,  (OH3)4POH. 

The  analogies  of  the  two  series  appear  very  distinctly  on 
comparison  with  the  amines. 

A  compound  is  also  known  to  which  there  is  no  corresponding  nitrogen 
compound.  Its  constitution  is  analogous  to  that  of  methyl  hydrazin, 
(CH3)2N~NH2.  It  is  derived  from  the  liquid  hydrogen  phosphide,  and  is 
called 


Phosphorus  dimethyl,  (CH3)4P2.    Its  constitution  is  either 

CHQ\  T^-n/CH, 


P"P< 


-        -"-^CH     derived  f"rom  tri-valent  phosphorus,  or 

CH3/>I>E"P<\CH3  from  Penta_valent  phosphorus.  Colorless, 
oily  liquid  boiling  at  25°. 

The  phosphinic  acids  are  derived  from  phosphoric  acid  in 
the  same  manner  as  the  nitro-compounds  from  nitric  acid  and 
the  sulphonic  acids  from  sulphuric  acid.  In  these  compounds 
the  hydroxyl  of  the  acid  is  replaced  by  hydrocarbon  rests, 
while  in  the  esters,  or  compound  ethers,  only  the  hydrogen  of 
the  acid  is  replaced  : 

HO~NOs    gives       CH3-N02    and  CH3-<rN08 

Nitric  acid  Nitromcthane  Mcthylnitric  ester 


HO\SO 

Sulphuric  acid 


gives 


and  CHI|g>S01 


Methylsulphonic 
acid 


Metliylsnlphuric 
acid 


CHASOs    and  ™»0^SOs 

Methylsulphone  Methylsulphuric 
ester 
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HO\ 

hcApo 

HO/ 

Phosphoric  acid 


gives 


CH3v 
HO^PO 
HO/ 

Methylphosphinic 
acid 


and 


CH3On 


CH3\ 
CH3-^PO 
HO/ 

Dimethylphosphiuic 
acid 


and 


HO^PO 
HO/ 

Methylphosphoric 
acid 

CH3Ox 
CH,O^PO 
HO/ 

Dimethylphosphoric 
acid 


CH3\  CH30\ 
CH3-^PO     and  CH3O^PO 
CH,/  CH,0/ 


Trimethylphos- 
phinic  oxyd 


Trimethylphosphoric 
ester 


In  the  same  manner,  a  hydroxyl  of  silicic  acid  can  be  replaced  by 
alkyl  rests  : 

gj£>SiO  yields  gJ^SiO. 
Silicic  acid 

This  compound,  CELSiOOH,  on  account  of  the  tetra-valence  of  the 
silicon,  has  been  considered  as  acetic  acid  in  which  the  carbon  of  the 
carboxyl  group  has  been  replaced  by  a  silicon  atom,  and  it  has  hence 
been  called  silico-acetic  acid. 


Arsenic  Derivatives. 


The  methyl-  and  dimethyl-arsine  derivatives  of  the  tri-  and 
penta-valent  arsenic  are  not  yet  known.  Analogous  compounds 
have  been  produced,  however,  in  which  the  hydrogen  of  the 
hydrogen  arsenide  is  replaced  by  chlorine. 

Monomethyl-arsenic  dichloride,  CH3AsCl,,  liquid  boiling  at  133\  With 
chlorine  it  unites  to  monomethyl-arsenic  tetrachloride,  CH3AsCl,. 

Dimethyl-arsenic  chloride,  (CH3)2AsCl,  liquid  boiling  at  about  100°. 
By  the  action  of  chlorine  it  forms  dimethyl-arsenic  trichloride. 
(CH3).2AsCl3. 

Trimethyl-arsine,  fCH,):,As.    Colorless  liquid  with  an  offensive  odor, 
boiling  at  120°.    It  unites  with  chlorine,  bromine,  iodine,  oxygen,  sulphur, 
etc.,  in  the  same  manner  of  trimethylphosphine. 
Tetramethyl-arsoniwn  iodide,  (CH3)jAsI. 
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Tetramethyl-arsonium  hydroxide,  (CH3)4AsOH. 
The  most  important  arsenic  compound  of  methyl  is 

Arsenic  dimethyl,  cacodyl,  cH /^"^CciL'  or  (CH3)4As2.  It  is 
produced  by  the  distillation  of  equal  parts  of  dry  potassium  acetate  and 
arsenous  anhydride.  It  is  a  liquid  with  an  extremely  disagreeable  odor, 
boiling  at  170°.  When  exposed  to  the  air  it  fumes  and  ignites.  By  the 
slow  action  of  oxygen,  cacodyl  oxide  and  cacodylic  acid  are  formed. 

Cacodylic  oxide,  alcarsine,  Q^3\As~0~As<(^Qg3,  is  the  chief  pro- 
duct of  the  above  distillation  of  potassium  acetate  and  arsenous  anhydride. 
It  is  an  oil  with  an  offensive  odor,  boiling  at  150°.  Exposed  to  the  air  it 
does  not  fume,  but  oxidizes  slowly  to 

Cacodylic  acid,  dimethyl-arsinic  acid,  q^3  ^>AsO(OH).  Large,  odor- 
less, deliquescent  prisms,  fusing  at  200°.  Its  salts  are  crystalline.  It  cor- 
responds to  the  dimethylphosphinic  acid. 

Methylarsinic  acid,  CH3AsO(OH)-2,  corresponding  to  methylphosphinlc 
acid,  is  also  known,  and  is  produced  by  the  action  of  silver  oxide  on  methyl 
arsenic  dichloride,  CH3AsCl>. 

All  of  these  arsenic  derivatives  are  made  from  cacodyl. 


Antimony  Derivatives. 

The  compounds  of  methyl  with  tri-  and  penta-valent  anti- 
mony possess  still  less  basic  character  than  the  preceding 
derivatives. 

Trimethyl-stibine,  (CHa)3Sb,  obtained  by  the  action  of  potassium  anti- 
monide  on  methyl  iodide  : 

K3Sb  +  3  CH3I  =  3KI  +  (CH3)3Sb. 

Colorless  liquid  boiling  at  86°.    With  methyl  iodide  it  unites  to 

Tetramethyl-stibonium  iodide,  (CH3)1SbI,  a  hard  crystalline  mass  which 
yields  with  moist  silver  oxide. 

letramethyUtibonium  hydroxide,  (CH3)4Sb"OH,  white,  deliquescent 
crystalline  mass  with  strong  basic  properties. 

Trimethyhtibine  iodide,  (CH3)3SbI2.  Obtained  by  digestion  of  metallic 
antimony  with  methyl  iodide.    It  crystallizes  in  needles  or  prisms. 

In  a  similar  manner  trimethyl  bismulhine,  (CH,)3Bi,  is  obtained  by 
the  action  of  methyl  iodide  on  potassium  bismuthide.    The  methyl  com- 
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pound  of  boron,  trimethyl  borine,  (CH3)3B,  is  also  known.  It  is  a  color- 
less gas,  with  a  sharp,  peculiar  odor. 

Compounds  of  Methyl  with  Metals. 

1)  By  the  digestion  of  finely  granulated  zinc  with  methyl  iodide, 
methyl-zinc  iodide,  CH3ZnI,  a  crystalline  compound,  is  obtained,  which, 
by  distillation,  falls  into  zinc  iodide  and  zinc  methyl: 

2  CH3ZnI  =  (CH3)2Zn  +  Znl2. 

Zinc  methyl  is  a  colorless  liquid  boiling  at  46°.  It  has  an  unpleasant 
odor.  When  exposed  to  the  air,  it  ignites  and  burns  with  a  greenish-bluc 
flame.  Water  decomposes  it  immediately  into  methane  and  zinc  hydroxide : 

(CH3)2Zn  +  2  H20  =  2  CH4  +  Zn(OH)2. 

2)  By  the  action  of  methyl  iodide  on  mercury,  a  crystalline  compound, 
methyl-mercury  iodide,  CH3HgI,  is  obtained,  while  by  the  action  of 
methyl  iodide  on  mercury  amalgam,  mercury  methyl,  (CH3)2Hg,  is  formed: 

2  CH2I  -f  Na2Hg  =  (CHs)2Hg  +  2  Nal. 

Colorless  liquid  insoluble  in  water,  boiling  at  95°,  and  easily  combusti- 
ble.   Its  vapors  are  very  poisonous. 

3)  Methyl  iodide  and  magnesium  filings  give  magnesium  methyl, 
(CH3)2Mg,  a  liquid  which  has  a  strong  odor  and  ignites  on  exposure  to 
the  air. 

4)  By  the  action  of  zinc  methyl  on  silicium  chloride,  tetramethyl- 
silicium,  (CH3)4Si,  is  produced : 

2  (CH3)2  Zn  +  SiCl4  =  (CH3)4Si  +  2  ZnCl2. 

Colorless,  easily  combustible  liquid,  boiling  at  30°. 

5)  Methyl  iodide  and  an  alloy  of  tin  and  sodium  yield  tin  tetramethyl, 
Sn(CH3)4.    It  is  a  liquid  with  an  ethereal  odor,  boiling  at  78°. 

6)  Lead  chloride  and  zinc  methyl  give  lead  tetramethyl,  Pb(CH3)4. 
This  compound  proves  the  tetra-valence  of  lead. 

In  conclusion,  we  will  consider  briefly  some  of  the  organic 
salts,  or  esters,  of  methane. 

The  method  of  producing  methylsulphuric  acid  and  methyl 
sulphuric  ester  have  already  received  a  passing  notice.  The 
methylsulphuric  acid  is  formed  by  mixing  carefully  methyl 
alcohol  and  sulphuric  acid.    The  excess  of  sulphuric  acid  is 
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removed  by  adding  barium  carbonate  to  the  mixture  diluted 
with  water.  Barium  sulphate  is  formed  and  separates,  while 
the  methylsulphuric  acid  is  transformed  into  the  easily  soluble 
barium  salt.  The  barium  sulphate  is  removed  by  filtration, 
and  the  barium  methylsulphate  obtained  by  evaporation  of 
the  solution.  From  the  latter  the  methylsulphuric  acid  is  set 
free  by  sulphuric  acid.  In  the  free  state  it  is  but  little 
known.  It  forms  long, deliquescent  needles,  and  its  aqueous 
solution  on  heating  breaks  into  methyl  alcohol  and  sulphuric 
acid  : 

CHl}o)s02  +  H20  =  ho)>S02  +  CHs(OH). 

It  is  a  monobasic  acid,  and  forms  with  metals  finely  crystal- 
lizing salts,  which  are  easily  soluble.  Its  potassium  and 
barium  salts  are  frequently  used  instead  of  methyl  iodide, 
bromide,  or  chloride  for  the  production  of  other  derivatives  of 
methane,  since  the  rest  S04H  is  easily  substituted.  By  distil- 
lation of  potassium  methylsulphate  with  potassium  cyanide, 
for  instance,  methyl  cyanide  and  potassium  sulphate  are 
formed  : 

CI^0^>S02  +  KCN  =  CH3CN  +  |o)>SOs  orK2S04. 

OH  0\ 

Methyl  Sulphuric  Ester,  cjj3q/^^2>  's  formed  by  the 

distillation  of  a  mixture  of  1  part  of  methyl  alcohol  with  8 
parts  of  sulphuric  acid.  It  is  a  colorless  liquid  boiling  at  188°, 
and  has  the  odor  of  garlic. 

Methyl  Nitric  Ester,  CH3ON02,  is  formed  by  the  distilla- 
tion of  nitre  and  methyl  alcohol  with  sulphuric  acid.  It  is  a 
liquid  with  an  ethereal  odor,  boiling  at  66°,  which  at  a  higher 
temperature  (150°)  explodes  violently. 

cn:(0\ 

Methyl  boric  ester,  CH30— ^Bo,  is  formed  by  the  action  of  boron  tri- 
CH30/ 
chloride  on  methyl  alcohol : 
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BoCl3  +  3CH3OH  =  (CH30)3Bo  +  3  HC1. 

Colorless  liquid  boiling  at  72°.  With  water  it  breaks  into  boracic  acid 
and  methyl  alcohol  : 

(CH30)3Bo  +  3H20  =  3  CH3OH  +  Bo;OH)3. 

Methyl  silicic  ester,  (CH30)4Si,  is  produced  from  silicon  chloride  and 
methyl  alcohol  : 

4CH3OH  +  SiCl4  =  (CH30)4Si  +  4HC1. 

Colorless  liquid  with  an  ethereal  odor,  b.  p.  124".  With  water  it 
decomposes  after  some  time  into  silicic  acid  and  methyl  alcohol. 

The  three  esters  of  phosphoric  acid  with  methyl  have  already  been  men- 
tioned : 

CH30\  CH30\  CH30\ 

HO-^PO,  CH30-^PO,  and  CH3O^PO. 

HO/  HO/  CH30/ 

Methylphosphoric   Dimethylphosphoric  Methylphosphoric 
acid  acid  ester 

The  compounds  which  have  thus  far  been  considered  contain 

only  one  atom  of  carbon,  or  contain  several  atoms  of  carbon 

which  are  not  directly  connected,  as,  for  instance,  methyl  ether, 

H3C"N_CH,     rt  , 
H3C  0~CH3,  and  tnmethylamme,  ■        '.    Only  two 

CH3 

compounds  have  been  mentioned  in  which  carbon  is  united  to 

ON" 

carbon.    These  were  cyan,  ^   ,  and  cyanmethane,  or  aceto- 
CH3 

nitrile,   i      .    These  were  considered  in  this  group  m  order 
'  CN  6 

not  to  lose  sight  of  their  relation      We  come  now  to  the  great 

classes  of  compounds  which  contain  several  atoms  of  carbon 

directly  united. 

We  can  imagine  a  hydrogen  atom  of  methane  to  be  replaced 
by  the  methyl  group,  thus  forming  the  compound,  CH3~CH3, 
dimethyl,  from  which  derivatives  may  be  produced  in  the 
same  manner  as  the  methyl  compounds  from  methane. 


C2  GROUP. 

Ethane  Compounds. 

Hydrocarbons. 

1)  The  two  carbon  atoms  are  united  by  a  simple  binding. 

Ethane,  Dimethyl,  CH3"CH3,  C2H6,  is  formed  by  the  action 
of  water  on  zinc-ethyl : 

(C2H5)2Zn  +  2H20  =  2  C2H6  +  Zn(OH)8. 

Or  by  the  electrolysis  of  acetic  acid  : 

2  CH3_COOH  =  C2H6  +  2  C02  +  H2. 

It  is  a  colorless  gas,  burning  with  a  faintly  luminous  flame. 
By  the  action  of  chlorine  the  hydrogens  are  substituted  by 
it : 

CH3-CH3  +  Cl2  =  CH,""CHgCl  +  HC1. 

Ethyl  chloride 

2)  The  two  carbon  atoms  are  united  by  a  double  binding. 

Ethylene,  Olefiant  Gas,  CH2=CH2,  C2H4. 

It  is  produced  by  heating  1  part  of  alcohol  with  6  parts  of  concentrated 
sulphuric  acid.  The  elements  of  a  molecule  of  water  are  extracted  from 
the  alcohol,  (predisposing  affinity). 

CH3-CH2OH  =  CH,=CH2  +  H,0. 

It  is  a  colorless,  poisonous  gas,  with  an  unpleasant,  suffocat- 
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ing  odor,  burning  with  a  luminous  flame.  It  combines 
directly  with  chlorine,  bromine,  and  iodine  : 

CH3=CH2  +  Cl8  =CH3CrCH2Cl. 

In  the  presence  of  platinum  black  it  unites  with  hydrogen 
to  ethane  : 

CH2=CH2  +  H2  =  CH3-CH3. 
With  oxygen  it  forms  a  compound,  ethylene  oxide,  H2C~CH2,  which  is 

O 

isomeric  with  aldehyde,  CHa  CHO. 

3)  The  two  carbon  atoms  are  united  by  a  triple  binding. 
Acetylene,  CH=CH,  C2H2. 

It  is  formed  directly  from  its  elements,  when  electric  sparks  are  passed 
between  carbon  poles  in  an  atmosphere  of  hydrogen.  It  is  also  pro- 
duced when  organic  bodies  are  exposed  to  a  high  heat,  e.g.,  when 
methane,  alcohol,  ether,  etc.,  are  passed  through  heated  tubes,  or  when 
organic  substances  (ether,  benzene,)  are  burnt  with  an  insufficient  supply  of 
oxygen.  It  is  present  in  small  amounts  in  illuminating  gas.  It  is  made 
by  boiling  ethylene  bromide  with  alcoholic  potash  : 

CILBr,  +  2KOH  =  C.H,  +  2  KBr  +  2  H,0. 

Or  by  passing  ethylene  chloride  over  heated  lime. 

Acetylene  is  a  colorless  gas  with  a  strongly  offensive  odor, 
burning  with  a  luminous  smoky  flame.  With  nascent  hydro- 
gen it  unites  to  ethylene.  It  combines  directly  with  the  halo- 
gens, forming  C2H3C12  and  C2H2C14,  etc. 

A  characteristic  property  of  this  compound  is  its  absorption  by  an 
ammoniacal  solution  of  cuprous  chloride,  Cu2Cl2,  or  silver  nitrate  solu- 
tion, AgNO:i.  In  the  former  case  a  red  precipitate,  C:Cu .  +  H20,  is 
formed,  while  in  the  latter  a  brown  substance,  C2Ag2  +  H20,  is  precipi- 
tated   Both  of  these  compounds  explode  by  heating  or  percussion. 

By  leading  acetylene  over  melted  potassium,  hydrogen  is  evolved,  and 
the  compounds  C2HK  and  C2K2  are  formed.  In  the  presence  of  platinum- 
black,  acetylene  unites  with  hydrogen  to  ethane. 
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Halogen  Substitutions  of  Ethane. 

Ethyl  Chloride,  Monochlor ethane,  CH3"CH2C1,  or  C8HSC1,  is 
formed  by  the  action  of  chlorine  on  ethane.  It  is  made  by 
the  action  of  gaseous  chlorhydric  acid  on  ethyl  alcohol.  It  is 
a  colorless  liquid  with  a  pleasant  odor,  boiling  at  12°.  Chlo- 
rine acts  on  it,  forming  higher  substitution  products.  As  has 
already  been  explained  in  the  Introduction  (p.  10),  the  higher 
substituted  halogen  derivatives  of  ethane,  owing  to  the 
distribution  of  the  chlorine  atoms,  form  two  isomeric  series. 

Ethyl  Bromide,  Monobromethane,  CH3"CH3Br,  or  C2H5Br. 

It  is  produced  by  digesting  ethyl  alcohol  with  gaseous  bromhydric 
acid,  or  by  dropping  bromine  into  alcohol  containing  melted  phosphorus. 

It  is  a  colorless  liquid  with  a  pleasant  odor,  boiling  at  39°. 

Ethyl  Iodide,  Mono-iodo-ethane,  CH3~CH2I,  or  C2H5I. 

To  1  part  of  amorphous  phosphorus  in  5  parts  of  alcohol,  10  parts  of 
iodine  are  carefully  added,  the  whole  allowed  to  stand  24  hours  and  then 
distilled. 

It  is  a  colorless  liquid  boiling  at  72°.  On  exposure  to  the 
light  it  gradually  turns  brown. 

Ethylene  Chloride,  Ethene  Chloride,  Dichlor -ethane,  Dutch 
Liquid,  CH2CrCH2Cl.  This  substance  is  formed  by  expos- 
ing a  mixture  of  chlorine  and  ethylene  to  sunlight.  It  is  made 
by  passing  equal  parts  of  chlorine  and  ethylene  into  boiling 
antimony  pentachloride.  It  is  a  liquid  with  an  odor  resem- 
bling chloroform.  It  boils  at  85°.  With  alcoholic  potash  it 
splits  off  HC1  : 

CHtCrCHtCl  +  KHO  =  CH2=CHC1  +  KC1  +  H20. 

Isomeric  with  it  is 

Ethylidene  Chloride,  Ethidene  Chloride,  Chlorethylidene,  Chlo- 
rethidene,  CH3-CHC12,  or  C2H4C12.    It  is  obtained  as  the 
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first  product  of  the  action  of  chlorine  on  ethyl  chloride.  Col- 
orless liquid  with  a  pleasant  odor,  boiling  at  57.5°. 

Mono-chlor-dhylene  chloride,  CH2C1=CHC12.  Liquid  boiling  at  115°. 
With  alcoholic  potash,  an  HC1  splits  out  : 

CH,C1=CHC1,  +  KOH  =  CHC1=CHC1  +  KC1  +  H20. 

Mono-chlor-ethylidene  chloride,  methyl  chloroform,  CH3~CC13,  or 
C2H3C13.    Boils  at  75°.    Alcoholic  potash  converts  it  into  the  acetate  : 

CH3-CC13  +  4  KOH  =  CHrCOOK  +  3  KC1  +  2  H20. 

Bichlor  ethylene  chloride,  dichlorethene  chloride,  CH2C12~CHC12,  boils 
at  147°,  and  by  the  action  of  KOH  is  converted  into 

Dichlorethylidene  chloride,  dichlorethidene  chloride,  CH2C1~CC13,  or 
CiiHaCh.  Boils  at  127.5°.  By  the  action  of  alcoholic  KOH,  CHCrCCla 
is  also  formed. 

Pentachlor ethane,  CC13~CHC12.    Boils  at  158". 

Perchlor ethane,  hexachlorethane,  C2C16,  is  the  final  product  of  the 
action  of  chlorine  on  ethyl  chloride.  It  crystallizes  in  well-formed  rhombic 
crystals,  which  fuse  at  185°,  but  boil  at  184°,  so  that  under  the  ordinary 
atmospheric  pressure  it  sublimes  without  melting.  By  the  action  of  weak 
reducing  agents,  as  potassium  sulphydrate,  it  falls  into  C2Cli  and  Cl2. 
We  see  from  the  foregoing  that  alcoholic  potash  converts  the  higher  chlo- 
rine derivatives  of  ethane  into  chlorinated  ethylenes  with  elimination  of 
HC1. 

The  following  is  a  list  of  the  chlorine  derivatives  of  ethane  : 

Ethyl  chloride   CH3-CH2C1  B.  p.  12° 

Ethylene  chloride   CH2C1-CH2C1  B.  p.  85° 

Ethidene  chloride   CH3"CHC12  B.  p.  57.5° 

Mono-chlorethylene  chloride  .    .  CH2CrCHCl2  B.  p.  115° 

Mono-chlorethidene  chloride    .  CH3~CC13  B.  p.  75° 

Di-chlorethylene  chloride   .    .    .  CHC12~CHC12  B.  p.  147° 

Dichlorethidene  chloride  .    .    .  CH2C1~CC13  B.  p.  127.5° 

Pentachlorethane   CHC12~0CI3  B.  p.  158° 

Perchlorethane  .......  CC13-CC18  B.  p.  184° 

Ethylene  Bromide,  CH3"CH3Br,  or  C2H5Br,  is  obtained  by- 
shaking  ethylene  with  bromine.  It  is  a  crystalline  substance, 
fusing  at  9°  and  boiling  at  129°. 
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Ethylidene  bromide,  ethidene  bromide,  CH3~CHBr2.  or  CsH^Br..,  is 
obtained  from  aldehyde,  C2H40,  and  phosphorus  bromide.  Colorless  liquid 
boiling  at  1 14°. 

Ethylene  iodide,  CH2I~CH2I,  or  C2H4I2,  is  produced  by  the  union  of 
ethylene  and  iodine.  Colorless  crystals  turning  rapidly  yellow.  Fuses 
at  73°. 

Ethylene  also  yields  substitution  products. 

Monochlor ethylene,  CH2=CHC1,  is  formed  by  the  action  of  potassium 
hydroxide  solution  on  ethylene  chloride.    Boils  at  —18°. 

Bichlorethylene,  CHC1=CHC1,  is  made  from  monochlorethylidene 
chloride.    It  boils  at  37°. 

Trichlor ethylene,  CHC1=CC12.    Boils  at  87°. 

Tetrachlorethylene,  CC12=CC12.  It  is  formed  from  C2C16  and  KSH. 
Boils  at  117°. 

The  corresponding  bromine  and  iodine  derivatives  are  known,  and  are 
formed  by  reactions  analogous  to  the  chlorides. 


80 


C8  GROUP. — ETHANE  COMPOUNDS. 


Hydroxyl  Substitutions  of  Ethane. 

Ethyl  Alcohol,  Alcohol  par  excellence,  Spirit  of  Wine, 
CH3~CH2~OH,  or  C,HcO.  Alcohol  forms  the  starting-out 
point  for  the  production  of  all  ethyl  compounds.  It  is  made 
commercially  by  fermenting  grape  sugar  (glucose)  with  yeast, 
as  will  he  described  under  sugar.  The  dextrose  breaks  into 
alcohol  and  carbonic  acid  : 

C6H]206  =  2  C2H60  +  2C02. 

Alcohol  is  made  from  materials  containing  starch  (rye,  rice,  potatoes, 
corn,  etc.),  or  sugar  (beet-root  molasses).  Both  the  starch  and  the  sugar 
are  first  converted  into  glucose  by  addition  of  the  elements  of  water  : 

CsH,„05  +  H,0  =  Cr,H120„ 
Starch  Grape  sugar 

CH.,0,,  +  H,0  =  2  Cr,H1206. 
Cane  sugar  Grape  sugar 

In  the  fermentation  of  glucose,  small  amounts  of  alcohols  of  the  higher 
carbon  series  are  formed,  particularly  amyl  alcohol,  but  in  quantities  so 
small  that  they  can  be  omitted  from  the  formula. 

By  distilling  the  product  of  the  fermentation,  alcohol  is  obtained 
mixed  with  water.  As  the  boiling  point  of  alcohol  is  considerably  under 
that  of  water,  the  alcohol  can  be  freed  from  the  water  as  well  as  from  the 
accompanying  impurities,  which  in  jure  its  taste,  by  redistilling  in  a  special 
form  of  apparatus.  In  this  manner  a  distillate  is  obtained  containing 
about  93$  alcohol  and  li  water.  This  alcohol  is  used  in  the  arts.  To 
prepare  absolute  alcohol,  it  is  allowed  to  stand  a  week  or  more  over  burnt 
lime  and  then  redistilled.  The  last  traces  of  water  can  be  removed  by 
metallic  sodium. 

Alcohol  is  a  colorless,  mobile  liquid  with  a  pleasant  odor, 
boiling  at  78.5°.  Its  sp.  gr.  at  15°  is  0.79.  At  -  100°  it 
becomes  thick  but  does  not  solidify. 

It  has  a  burning  taste  and  is  poisonous.  When  injected 
into  the  veins,  it  causes  death  in  a  short  time.  Moisture  is 
attracted  by  it  with  such  avidity  that  it  extracts  the  water  of 
crystallization  from  many  salts,  e.g.  sodium  sulphate.  It  is 
combustible,  burning  with  a  bluish,  slightly  luminous  flame. 
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It  dissolves  essential  oils,  resins,  fats,  bromine,  iodine,  and 
sulphur  and  phosphorus  in  small  amounts. 

As  the  value  of  alcoholic  liquids  depends  on  their  content  of  alcohol, 
the  amount  of  alcohol  can  be  estimated,  when  they  consist  of  only  alcohol 
and  water,  by  taking  the  specific  gravity  of  the  liquid.  Tables  have  been 
made  which  show  the  specific  gravity  of  mixtures  of  alcohol  and  water. 
Thus  a  mixture  of  1%  alcohol  and  99$  of  water  has  the  specific  gravity 
0.9985.  Since  alcohol,  however,  expands  or  contracts  strongly  with 
increasing  or  decreasing  temperatures,  the  table  only  holds  good  for  a 
specified  temperature  (15c).  If  the  temperature  is  different  from  that 
given,  the  specific  gravity  must  be  corrected.  Tables  have  also  been  made 
for  this  purpose,  which  give  the  true  value  between  12°  and  38°.  A 
60#  alcohol,  for  instance,  at  —10°,  shows  -0A^,  and  at  +  30%  68. 5£.  For 
the  estimation  of  the  per  cent,  of  alcohol  by  means  of  specific  gravity, 
both  tables  are  therefore  necessary.  If  the  liquid  contains  other  matters 
in  solution,  as  is  the  case  in  wine  and  beer,  about  half  of  the  liquid  must 
be  distilled  off,  the  alcohol  estimated  in  the  distillate,  and  the  per  cent, 
calculated  for  the  whole. 

Alcohol  can  be  produced  synthetically  from  its  elements. 

By  passing  electric  sparks  between  carbon  poles  in  an  atmosphere  of 
hydrogen,  the  carbon  unites  with  hydrogen  to  form  acetylene,  CHECH, 
which  combines  with  hydrogen,  producing  ethylene,  CH2=CH2.  Ethylene 
with  sulphuric  acid  yields  ethyl-sulphuric  acid  : 

CH„=CHa  +  H,SO,  =  CHrCHsHSO,, 

which  by  the  action  of  potassium  hydroxide  is  transformed  into  alcohol : 

CH3-CH2HS04  +  2  KHO  =  CH;,~CH,OH  +  K,S04  +  H20. 

Ethyl  alcohol  unites  with  various  salts  forming  crystalline 
compounds,  as  CaCl2,  4C2H60.  The  alkali  metals,  K  and 
Na,  dissolve  in  alcohol  with  evolution  of  hydrogen,  forming 
ethoxides,  or  alcoholates  : 

C3H5-OH  +  K  =  C2H5"OK  +  H. 

Potassium 
eihoxide 

When  mixed  with  concentrated  sulphuric  acid,  alcohol 
becomes  strongly  heated,  forming  ethyl-sulphuric  acid  : 
6 
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C2H60  +  H2S04  -  C2H5HS04  +  H20, 

which  gives  salts  with  metals.  On  boiling  with  water,  it  is 
decomposed  into  sulphuric  acid  and  water : 

C2H5HS04  +  H20  =  C2H5  "  OH  +  H2S04. 

In  the  same  manner,  its  salts  are  decomposed  by  boiling 
with  water  into  primary  sulphate  and  alcohol : 

C2H5KS04  +  H20  =  C2H5OH  +  KHS04. 
(Compare  methyl  alcohol.) 

CH2(OH)    .  . 

Isethionic  acid,  or  hydroxyethylsulphonic  acid,  i  ,  is  isomeric 

*  CH2HS03 

with  ethylsulphuric  acid,  and  is  obtained  by  treating  ethylene,  ether,  or 

alcohol  with  sulphuric  anhydride  and  boiling  the  product  with  water. 

Its  salts  are  easily  crystallizable.    It  is  a  sulphonic  acid,  i.e.,  the  sulphur 

of  the  group  S03H  is  bound  directly  to  the  carbon.    Ammonium  isethion- 

ate,  when  heated  to  200°,  loses  the  elements  of  water,  forming  amidoethyl- 

CH2(NH2) 

sulphonic  acid,  taurine,  i  .    Taurine  occurs  in  nature,  and  is 

CH„"S03H 

found  combined  with  cholic  acid  in  the  bile.  It  forms  colorless,  trans- 
parent, hexagonal  prisms,  soluble  in  water,  insoluble  in  alcohol  and  ether. 
It  is  very  stable  toward  acids,  but  is  decomposed  on  boiling  with  alkalis. 
Nitrous  acid  converts  it  back  into  isethionic  acid  : 

CH2NH2  CH2(OH) 

cn,so,H  +  HNO'=6aso.H+H'0+N- 

The  compound  of  aldehyde  with  ammonia  and  sulphurous  acid  is  iso- 
meric with  taurine  : 

CH3 

CH  \SO,H* 

With  calcium  hypochlorite,  alcohol  yields  chloroform  ;  with 
chlorine,  chloral.  Oxidizing  agents  convert  alcohol  into  alde- 
hyde and  acetic  acid. 

With  acids,  alcohol  forms  organic  salts,  or  esters. 
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Nitric  ethyl  ester,  ethyl  nitrate,  C.,H6~0~N02,  is  made  by  the  distilla- 
tion of  2  vols,  of  alcohol  and  1  vol.  of  nitric  acid  (1.4  sp.  gr.),  with  the 
addition  of  a  small  amount  of  urea  to  prevent  the  formation  of  nitrous 
acid.    It  is  a  colorless  liquid,  boiling  at  87°. 

Nitrous  ethyl  ester,  ethyl  nitrite,  nitrous  ethyl  ether,  C2H5~0~NO,  is 
obtained  by  leading  nitrous  acid  into  alcohol.  If  a  mixture  of  alcohol  and 
nitric  acid  is  distilled  without  the  addition  of  urea,  nitrous  ester  is  chiefly 
obtained,  because,  owing  to  the  reducing  action  of  the  alcohol,  the  nitric 
acid  is  reduced  to  nitrous  acid,  in  which  state  it  acts  on  the  remaining 
alcohol. 

The  spirits  of  niter  sold  in  the  drug  stores  is  a  solution  of  nitrous  ethyl 
ester  in  alcohol,  and  is  prepared  by  distilling  alcohol  with  nitric  acid. 

Nitrous  ethyl  ester  is  a  colorless  liquid  with  a  pleasant  odor,  boiling  at 
16.5°,  and  soluble  in  40  parts  of  water. 

Ether,  Sulphuric  Ether,  Etlnjl  Oxide,  CgH5"0"CoH5,  or 
C4H10O. 

The  general  method  of  the  formation  of  ethers  has  been  described 
under  methyl  alcohol.  Ethyl  ether  is  made  by  heating  9  parts  of  sul- 
phuric acid  with  5  parts  of  alcohol  of  90#  to  135°-140°.  The  apparatus 
is  so  constructed  that  the  alcohol  flows  in  continually,  for  in  the  formation 
of  ether  the  sulphuric  acid  is  constantly  regenerated.  At  first  ethylsul- 
phuric  acid  is  formed  : 

C2HeO  +  H,S04  =  C,H5HS04  +  H20. 

The  ethylsulphuric  acid  is  decomposed  by  a  second  molecule  of  alcohol 
at  140°  into  ether  and  free  sulphuric  acid.  The  reaction  is  analogous  to 
the  decomposition  of  this  acid  into  alcohol  and  sulphuric  acid  by  water  : 

CaHsHS04  +  HOH  =  C,H5OH  +  H2S04, 
C,H5HS04  +  C,H5OH  =  C2H5OC,Ha  +  H2S04. 

At  this  temperature  the  ether  and  water  distil  off,  so  that  there  remains 
always  concentrated  sulphuric  acid  for  the  decomposition  of  a  fresh  por- 
tion of  alcohol. 

The  ether  is  freed  from  alcohol  by  washing  with  water,  and 
from  moisture  by  means  of  caustic  lime.  It  is  a  colorless,  very 
mobile  liquid,  with  a  pleasant  odor  and  burning  taste.  Sp.  gr. 
at  0°  is  0.736.  It  boils  at  35°,  is  easily  combustible,  and  burns 
with  a  luminous  flame. 
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Ether  is  miscible  with  alcohol,  and  dissolves  s\ot  its  volume 
of  water.  When  inhaled,  it  causes  intoxication,  and  then  loss 
of  consciousness  and  sensation.  It  is  used  to  produce  insensi- 
bility during  painful  surgical  operations. 

Chlorine  acts  on  ether,  replacing  hydrogen.  In  this  manner  there  are 
obtained  : 

Monoehlor- ether,  C4ELC10,  colorless  liquid  boiling  at  97-98'. 

DicMor-ether,      C4HSC1..0,  liquid  boiling  at  about  1453. 

Tetrachlor-etJier,  C4H„C1,0,  an  oil  boiling  at  190'. 

Perchlor-ether,    C4Cli0O,     crystals  melting  at  69'. 
The  constitution  of  monoehlor-ether  is  :  CH3CHC1~0~CH2~CH3, 

of  dichlor-ether  :  CH2CrCHCrO-CH.rCH!, 
of  tetrachlor-ether  :       CC13"CHC1~ 0_CH.rCH3. 

Ether  forms  with  bromine  an  easily  crystallizable  compound  fusing 
at  22°. 

Methyl-ethyl-ether,  CH3"0"02H5.  Liquid  boiling  at  11°. 
Its  properties  are  aixaloggus  to  those  of  ethyl  ether.  It  is  an 
example  of  a  mixed  ether  (p.  28). 

Aldehyde,  Acetaldehyde,  CH3"CHO,  orC2H40.  Aldehyde  is 
formed  by  the  oxidation  of  alcohol.  It  can  be  made  by  the 
action  of  chromic  acid  on  alcohol. 

It  is  obtained  as  a  side  product  in  the  manufacture  of  spirits.  In 
rectifying  the  alcohol,  various  impurities,  which  are  but  little  understood, 
but  which,  besides  the  fusel  oil,  impart  a  disagreeable  odor  to  the  alcohol, 
have  to  be  removed  by  oxidation.  To  effect  this,  the  spirit  is  passed 
through  a  series  of  charcoal  filters,  which  exert  an  oxidizing  action 
owing  to  the  oxygen  condense!  in  the  pores  of  the  charcoal.  A 
portion  of  the  alcohol  is,  however,  also  oxidized.  Prom  this  portion, 
which  goes  over  first  in  the  distillation  and  is  kept  apart,  the  aldehyde  is 
obtained  by  fractional  distillation. 

Aldehyde  is  a  colorless,  very  mobile  liquid,  with  a  suffocat- 
ing odor.  It  boils  at  21°.  Its  sp.  gr.  is  0.8.  With  alcohol 
and  water  it  is  miscible  with  elevation  of  temperature,  and  is 
soluble  in  ether  in  all  proportions.    It  is  combustible. 
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Characteristics  of  the  Aldehydes. 

1)  Aldehydes  exert  a  reducing  action  because  they  are 
easily  oxidized  into  their  corresponding  acids.  They  decom- 
pose silver  salts,  setting  the  silver  free.  As  the  reduction 
takes  place  without  the  evolution  of  gas,  the  silver  is  deposited 
on  the  sides  of  the  glass  as  a  brilliant  film.  Aldehydes  pro- 
duce, what  is  called  a  silver  mirror. 

2)  The  acid  sulphites  of  the  alkalis  give  difficultly  soluble 
crystalline  compounds  with  the  aldehydes  : 

C2H40  +  NaHS03  =  C2H40  .  NaHS03. 

3)  Potassium  or  sodium  hydroxide  converts  them  into  resins, 
(aldehyde  resin). 

4)  Aldehydes  are  formed  from  the  corresponding  acids  by 
distilling  their  salts  with  a  formate  : 

CH3_COONa  +  HCOONa  =  CH-fCHO  +  Na8COs. 

Sodium  Sodium  Aldehyde 

acetate  formate 

5)  Aldehydes  are  easily  converted  into  acids  : 

C2H40  +  0  =  C2H402. 

6)  With  nascent  hydrogen  (sodium  amalgam),  aldehydes  pass 
into  their  alcohols  : 

C2H40  +  H2  =  C2H60. 

7)  The  aldehydes  polymerize  easily. 

8)  Aldehydes  unite  with  ammonia  and  cyanhydric  acid,  the 
double  oxygen  binding  being  broken  : 

CH3-CHO  +  NH3  =  CH3-CH<^ij  . 

CH3"CHO  +  HON  =  CH3-CH<^- 

If  ammonia  gas  is  passed  into  an  ethereal  solution  of  alde- 
hyde, there  is  formed : 
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Aldehyde-ammonia,   CH3  CH< 


< 


OH 


or  C2H,NO,  which 


crystallizes  in  rhombohedrons,  and  distils  at  100°.  By  the 
action  of  acids,  aldehyde  is  set  free. 

Hydrogen    sulphide    converts  aldehyde  -  ammonia    into  thialdine, 

3  C2H,NO  +  3  H,S  =  CBHJSNSa  +  (NH4)2S  +  3  H20. 

Aldehyde  when  treated  with  potassium  hydroxide  solution 
is  converted  into  a  yellow  resinous  mass,  aldehyde  resin. 

Aldehyde  forms  two  polymeric  modifications.  1)  Paralde- 
hyde, formed  by  the  union  of  three  molecules  of  aldehyde  : 
3  C2H40  =  C6H1203,  is  a  colorless  liquid  which  solidifies  when 
cooled  and  melts  at  12°.  It  boils  at  125°,  and  has  an  ethereal 
odor.  2)  Metaldehyde,  which  is  probably  a  union  of  six 
molecules  of  aldehyde,  6  C2H40  =  Cj  2H2406.  It  forms  long 
glittering  needles  which  sublime  at  115°  without  fusing, 
decomposing  partly  into  the  normal  aldehyde.  Heated  at  this 
temperature  in  a  closed  tube,  it  is  entirely  converted  into 
aldehyde. 

When  aldehyde  is  digested  at  100°  with  a  trace  of  chlor- 
hydric  acid,  a  molecule  of  water  splits  out  of  two  molecules 
of  the  aldehyde,  and  a  condensed  aldehyde,  crotonic  aldehyde, 
is  formed. 


An  intermediate  compound  is  formed  here  by  the  union  of  two  mole- 
cules of  aldehyde,  C4H802  =  CH3-CH(OH)-CHrCHO,  aldol.  It  is  also 
formed  by  allowing  a  mixture  of  aldehyde  and  dilute  chlorhydric  acid  to 
stand  at  a  low  temperature.  At  a  higher  temperature,  and  in  the  presence 
of  chlorhydric  acid,  it  splits  out  a  molecule  of  water,  passing  into  cro- 
tonic aldehyde. 

As  was  explained  under  methylaldehyde,  aldehyde  is  a  decomposition 
product  of  an  unstable  body  which  breaks  up  as  it  is  formed : 


2C2H40  -  H20  =  C4HG0. 


CHrCH/^g  -  H20  =  CHrCHO. 
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Although  this  body,  dihydroxyethylidene,  is  not  stable,  and  is  hence 
not  known,  its  derivatives  have  been  produced.  Aldehyde-ammonia, 

for  instance,  is  the  amide  of  it,  CH3~CH^Qg2.    The  ethyl  ether  of  it, 

<or*  TT 
00  H  '  ace^'  *s  a^s0  a  weH-characterized  body.    It  is  formed 

with  aldehyde  in  the  oxidation  of  alcohol,  and  is  a  colorless  liquid  with 
an  ethereal  odor,  boiling  at  104°.    The  acetic  ester  has  been  produced  : 


There  are  several  chlorine  substitution  products  derived  from 
aldehyde,  viz.,  monochloraldehyde,  dichlor  aldehyde,  trichloral- 
deliyde,  or  chloral. 

Chloral,  CC13~CH0,  or  C2HC130,  is  obtained  by  the  action 
of  chlorine  on  98,^  alcohol.  The  alcohol  goes  at  first  into 
aldehyde  : 


Chloral  is  a  colorless  liquid,  with  a  peculiar  characteristic 
odor,  boiling  at  94°.  It  attracts  moisture  with  avidity.  When 
mixed  with  water,  there  is  formed,  under  considerable  elevation 
of  temperature, 


Chloral  Hydrate,  CC13-CH<  XfJ,  or  C2HC130  +  H20.  It 


C2H60.    It  crystallizes  in  long,  white  needles. 
Alkalis  decompose  chloral  into  chloroform  and  formic  acid  : 

CCVCHO  +  KHO  =  CCI3H  +  CHK02. 


C2H0O  +  CI,  =  C2H40  +  2  IIC1, 


which  is  then  further  chlorinated  : 


C2H40  +  3  Cl2  =  C2HC130  +  3  HC1. 
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Chloral,  in  its  reactions,  behaves  as  an  aldehyde.  It  unites 
with  acid  alkali  sulphites  to  form  crystalline  compounds, 
reduces  silver  salts,  is  oxidized  to  trichloracetic  acid,  etc. : 

CCI3-CHO  +  0  =  CCI3-COOH. 

Trichloracetic  acid 

Chloral  unites  directly  with  cyanhydric  acid  to  form  chloralcyan 
hydrate  : 

CC13-CH^!*?  =  CCirCHO  +  HCN. 

By  the  action  of  bromine  on  alcohol,  bromal  is  formed,  CBr3~CHO.  It 
is  a  liquid  boiling  at  172°,  with  a  penetrating  odor.  Alkalis  decompose 
it  into  bromoform  and  formic  acid.  It  unites  with  water  to  bromal 
hydrate,  and  in  its  chemical  relations  is  analogous  to  chloral. 

Acetic  Acid,  Vinegar,  CH3~COOH,  C2H402.  Like  ethyl 
alcohol,  which  is  the  most  important  of  all  alcohols,  acetic 
acid  is  the  most  important  of  all  organic  acids.  It  is  found  in 
the  juices  of  many  plants  (as  potash  and  soda  salts),  and  in  the 
secretions  of  the  glands,  etc.  It  is  formed  by  the  oxidation 
of  alcohol  and  aldehyde,  by  the  distillation  of  wood,  and  by 
treating  methyl  cyanide  (acetonitrile)  with  potash  : 

CH3_CN  +  KOH  +  H20  =  CH3-COOK  +  NH3. 

It  is  produced  commercially  as  follows  : 

1)  From  alcohol.  8-10^  alcohol  is  allowed  to  trickle  down  slowly 
through  beech-wood  shavings  moistened  with  acetic  acid  which  are  con- 
tained in  large  casks.  A  great  surface  is  thus  exposed  to  the  oxidizing 
action  of  the  air.  Holes  near  the  top  and  bottom  of  the  casks  allow  of  a 
free  circulation  of  air .  The  temperature  of  the  room  in  which  the  casks 
stand  should  be  from  24°-30°.  In  order  to  completely  oxidize  the  alco- 
hol, it  is  passed  through  the  shavings  several  times.  The  oxidation  is, 
however,  not  a  simple  chemical  process,  but  a  species  of  fermentation 
caused  by  the  acetic  fungus  (mycoderma  aceti). 

2)  From  wood.  Wood-vinegar.  Wood  is  heated  to  a  red  heat  in  iron 
cylinders.  Gaseous  products  (illuminating  gas,  wood-gas),  aqueous  and 
tarry  products  are  formed.  The  aqueous  products  contain,  besides  other 
substances,  acetic  acid  and  methyl  alcohol.    They  are  neutralized  with 
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lime  and  distilled  to  dryness.  The  residue  from  the  distillation  is  decom- 
posed by  an  acid,  and  the  acetic  acid  thus  set  free  is  distilled  off. 

Acetic  acid  is  also  produced  from  wine  (wine-vinegar)  and  many  fruits. 

Absolute  acetic  acid  (glacial  acetic  acid)  is  solid  at  a  low 
temperature  and  fuses  at  17°.  At  the  ordinary  temperature 
it  is  a  colorless  liquid  with  a  penetrating  odor,  boiling  at  118° 
and  causing  blisters  on  the  skin.  Its  sp.  gr.  is  1.0553.  It  is 
miscible  with  water,  alcohol,  and  ether,  is  strongly  acid,  and 
expels  carbonic  acid  from  its  salts.  It  is  monobasic  and  forms 
salts  and  esters. 

The  specific  gravity  of  a  weak  acetic  acid,  such  as  vinegar,  which  is  a 
5%-l5%  aqueous  solution  of  acetic  acid,  cannot  be  used  as  a  means  of 
determining  the  amount  of  pure  acetic  acid  in  it  because  an  acid  of  96$ 
has  the  same  specific  gravity  as  one  of  70%.  The  specific  gravity  of  acetic 
acid  increases  with  the  amount  of  water  till  one  molecule  of  water  is 
present  for  one  molecule  of  acid  (1.0754),  i.e.,  until  the 'hydrate, 
CoH4O^.H,0,  or  CH3~C(OH)3,  ortho-acetic  acid  is  formed. 

The  amount  of  acetic  acid  in  a  vinegar  is  therefore  estimated  by  exactly 
neutralizing  a  measured  portion  of  the  acid  with  a  dilute  solution  of  soda, 
the  amount  of  sodium  hydroxide  in  which  is  known.  This  is  called  volu- 
metric analysis,  or  titration. 

The  following  acetates  are  worthy  of  attention  : 

Potassium  acetate,  CjHa02K,  is  made  by  dissolving  potassium  hydrox- 
ide or  carbonate  in  acetic  acid.  It  is  a  white  deliquescent  powder.  Its 
solution  in  concentrated  acetic  acid  separates  on  evaporation  the  acid  salt, 
CiHaOjK-j-C.jHjO.j,  in  mother-of-pearl  leaflets,  which  fuse  at  148°,  and 
at  200°  are  resolved  into  the  neutral  salt  and  acetic  acid. 

Sodium  acetate,  C-jHi02Na.  It  is  made  by  neutralizing  acetic  acid 
with  sodium  hydroxide  or  carbonate.  It  crystallizes  in  prisms  containing 
three  molecules  of  water,  and  is  efflorescent.  At  77°  it  fuses,  losing  its 
water  of  crystallization  and  becoming  solid  again.  The  anhydrous  so- 
dium acetate  fuses  at  319°. 

Zinc  acetate,  (C2H;iOo)  .Zn,  is  obtained  by  dissolving  zinc  carbonate  in 
acetic  acid.  It  forms  large,  colorless,  rhombic  crystals,  which  have  a  fatty 
feel.   They  smell  of  acetic  acid  and  are  easily  soluble  in  water. 

Plumbic  acetate,  sugar  of  lead,  (C2H302)2Pb,  3H20,  is  made  by  dis- 
solving lead  oxide  in  ddute  acetic  acid.  It  is  a  beautifully  crystalline 
compound,  which  is  soluble  in  1|  parts  of  water.  It  has  a  sweet  taste, 
with  a  disagreeable  metallic  after-taste.    It  fuses  at  75°,  at  100°  loses  its 
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water  of  crystallization,  and  becomes  solid,  fusing  again  at  280\  It  is  a 
powerful  poison.  A  solution  of  plumbic  acetate  dissolves  two  molecules 
of  plumbous  oxide,  forming  (C2H302)2Pb  +  2  PbO,  basic  lead  acetate, 
which  is  also  soluble  in  water. 

Cupric  acetate,  distilled  verdigris,  (C2H302)Cu,  is  obtained  by  dissolv- 
ing copper  in  acetic  acid.  Dark  green  prisms  with  a  nauseous  taste. 
Easily  soluble  in  water.  The  ordinary  verdigris  corresponds  to  the  basic 
lead  acetate. 

Silver  acetate,  C2Il::0,Ag,  precipitates  as  a  white  compound  when 
silver  nitrate  and  sodium  acetate  solutions  are  brought  together.  It  is 
difficultly  soluble  in  cold  water,  more  easily  in  hot  water,  from  which  it 
crystallizes  in  long  flexible  needles. 

Ethyl  Acetic  Ester,  Acetic  Ether,  Ethyl  Acetate, 
CH3-COO_C2H5,  or  C4H802. 

A  mixture  of  3.6  parts  of  alcohol  and  9  parts  of  sulphuric  acid  is 
poured  over  6  parts  of  sodium  acetate,  and,  after  standing,  distilled. 

Acetic  ester  is  a  colorless  liquid  with  a  refreshing  odor, 
boiling  at  77°.  It  is  easily  combustible,  and  is  miscible  with 
alcohol  and  ether,  and  is  soluble  in  11  parts  of  water.  It  has 
a  burning  taste.  It  gradually  decomposes  in  contact  with 
water  into  alcohol  and  acetic  acid. 

Characteristics  of  the  Esters  of  the  Organic 
Acids. 

This  class  of  compounds  is  formed  either  by  the  direct  ac- 
tion of  the  acid  on  the  alcohol,  or  by  the  action  of  a  salt  of 
the  acid  on  the  chloride,  bromide,  or  iodide  of  a  hydrocarbon 
(alkylogen)  : 

C2H5Br  +  CH  "COONa  =  CH3_COOC2H5+  NaBr, 

Sodium  acetate 

or  by  the  action  of  an  acid  sulphuric  ester  on  a  salt  of  the 
organic  acid. 

C2^}q^>S02  +  CH3COONa  =  CH,COOC8H6  +1hq/>S0» 

Ethylsulphuric  acid 
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It  is,  however,  not  usually  necessary  to  produce  the  acid 
sulphuric  ester  in  the  pure  state.  The  alcohol  is  mixed  with 
the  sulphuric  acid  and  the  salt  of  the  organic  acid,  and  the 
whole  distilled.  The  esters  can  also  be  produced  by  saturat- 
ing a  mixture  of  the  alcohol  and  the  organic  acid  with  chlor- 
hydric  acid  gas.  In  this  case  the  chlorhydric  acid  acts  most 
probably  as  a  dehydrating  agent: 

C2H402  +  C2II60  =  C2H.{02  ~  C2HS  +  H20. 

Acetic  acid  Alcohol  Acetic  ester 

The  esters  are  decomposed  into  the  alcohol  and  a  salt  of  the 
acid  by  boiling  with  an  alkali  : 

CH.{-COO  "  C2H5  +  NaOH  =  CHs"COONa  +  C2H,OH. 

Acetic  ester  Sodium  acetate  Alcohol 

The  ease  with  which  a  halogen  substitution  of  a  hydrocarbon  and  a 
salt  of  an  organic  acid  yield  the  ester,  and  the  facility  with  winch  the 
ester  thus  formed  yields  the  alcohol  by  boiling  with  an  alkali,  affords  us 
a  most  excellent  method  for  producing  alcohols  from  chlorides,  bromides, 
etc. 

CH3-CH2Cl  +  CH3_COONa  =  CH3-COO~  CH2-CH3  +  NaCl 
Ethyl  chloride      Sodium  acetate  Acetic  ethyl  ester 

CH3-COO-CH2-CH3  +  KOH  =  CH3_COOK  +  CH3"CH2OH. 
Acetic  ethyl  ester  Potassium  acetate  Alcohol 

With  ammonia,  the  esters  yield  acid  amides  and  alcohol  : 
CH3-COOC2H5  +  NH3  =  CH3-CONH2  +  C2H5OH. 

Metallic  sodium  acts  on  acetic  ester  substitutingly,  liber- 
ating hydrogen  and  forming,  besides  sodium  ethoxide,  the 
sodium  compound  of  a  complicated  compound  ether,  aceto- 
acetic  ester  : 

2  CH3-COOC2H5  +  Na2  =  H2  +  C2H6ONa 
+  CH3-CO"CHNa-COOC8H5. 

In  this  compound,  the  sodium  atom  can  be  replaced  by 
both  alcohol  and  acid  rests. 
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The  sodium  aceto-aeetic  ester  is  easily  decomposed  by  acids,  yielding 
the  aceto-acetic  ester,  CcHi0O3  —  CH3~CO-CHa~COOC:>Hr,,  a  colorless 
liquid  boiling  at  181°,  which  by  the  action  of  sodium  is  converted  back 
into  the  sodium  aceto-acetic  ester.  As  the  sodium  atom  can  be  replaced 
by  means  of  the  chlorides,  bromides,  and  iodides  of  both  alcohol  and  acid 
rests,  and  the  compounds  thus  formed  can  be  decomposed  in  a  character- 
istic manner  by  potash,  the  aceto-acetic  ester  is  used  as  the  starting-out 
point  for  the  production  of  a  great  number  of  compounds. 

By  the  action  of  ethyl  iodide  on  sodium  aceto-acetic  ester,  ethyl-aceto- 
acetic  ester  is  formed,  C8H1403  =  CH3-CO-CH(CaH5)~C02C2H5,  which 
by  the  action  of  sodium  yields,  with  evolution  of  hydrogen,  sodium  ethyl- 
aceto-acetic ester.  This  by  treatment  with  ethyl  iodide  yields  diethyl- 
aceto-acetic  ester,  Ci0H18O3  =  CH3~CO~C(C2H5)2~C02C2H5.  Acetyl 
chloride  and  other  aci-ehlorides  give  with  sodium  aceto-acetic  ester  the 
corresponding  aci-compounds,  viz.,  CH3~CO~CH(C2H30)~C02C2H5. 

The  decomposition  of  aceto-acetic  ester  and  its  derivatives  takes  place 
in  two  ways.  (1)  Out  of  each  molecule,  two  acids  are  formed,  one  of 
which  is  always  acetic  acid  : 

1)  CH3-CO-CH2-C02C2H6  +  2  H20  =  CH3"C02H 

Aceto-acetic-ester  Acetic  acid 

+  CH3-C02H  +  C2H60. 
Acetic  acid 

2)  CH3-CO-CH(C2H5)-CO,C2H5  +  2  H20=  CH3-C02H 

Ethylaceto-acetic  ester  Acetic  acid 

+  CHa(CaHs)~COaH  +  C„H.O. 
Butyric  acid 

3)  CH3-CO-C(C2H5)2"C02C2H5  -f  2  H20  =  CH3"C02H 

Di-ethyl-aceto-acetic  ester  Acetic  acid 

+  CH(C2H5)2-C02H  +  C2H60. 
Di-ethylacetic  acid 

(2)  Carbonic  acid  and  a  ketone  are  formed  : 

1)  CH3-CO_CH2-C02C2H5  +  H20  =  CH3-CO_CH3 

Aceto-acetic  ester  Acetone 
+  C02  +  C2H60. 

2)  CH3-CO-CH(C2H5)-C02C2H5  +  H20  =  CH3-CO-CH2(C2Hs) 

Ethylaceto-acetic  ester  Methylpropylketone 

+  C02  +  C2H60. 

3)  CH,-CO-C(CaH6)4-COsC»H,  +  HaO  =  CH3-CC--CH(CaH5)a 

Diethylaceto-acetic  ester  Methylamylketone 
+  COa  +  CaH,0. 
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In  both  cases  the  ester  is  saponified  with  the  formation  of  alcohol. 
The  esters  homologous  with  acetic  ester  behave  in  the  same  manner. 

Acetic  acid  when  treated  with  phosphorus  trichloride  ex- 
changes its  OH  for  CI,  forming 

Acetyl  Chloride,  CH3"CO'Cl,  or  C8H30C1  : 

3  CIVCOOH  +  PCI3  =  3  CH3"COCl  +  PH3O3. 

It  is  a  colorless  very  mobile  liquid  with  a  penetrating  odor. 
It  boils  at  55°,  and  fumes  slightly  in  the  air. 

Acetyl  chloride  is  our  first  example  of  an  aci-chloride.  Aci- 
chlorides  exchange  their  chlorine  very  easily  for  other  elements 
or  atomic  groups.  They  are  all  decomposed  by  water  with 
regeneration  of  the  acid  : 

CHoCOCl  +  HHO  =  CH3COOH  +  HC1. 

Even  the  moisture  of  the  air  decomposes  them  gradually. 
With  an  alcohol,  the  ester  is  formed  : 

CH3-COCI  +  CH3OH  =  CH3-CO"OCH3  +  HC1. 

Methyl  acetic  ester 

With  ammonia,  the  amide  : 

CH3COCl  +  2  NH3  =  CH3~CONH2  +  NH4C1. 
With  salts  of  the  organic  acids,  the  anhydride  : 
CHj"COCl  +  CH3_COONa  =  CH3-CO"0_CO~CH3  +  NaCl. 

Acetic  anhydride 

In  a  similar  manner  the  acetyl  bromide  and  acetyl  iodide  have  been 
produced.  Both  are  liquids,  the  former  boiling  at  81°,  the  latter  at  108°. 
By  action  of  silver  cyanide,  CH3"CO"CN,  on  acetyl  chloride,  acetyl 
cyanide  is  formed.  It  is  a  liquid  boiling  at  93',  and  by  the  action  of 
chlorhydric  acid  is  converted  into  pyroracemic  acid. 

Acetamide,  CH3"CO"NH8,  is  obtained  by  the  action  of 
ammonia  on  acetic  ester,  and  by  the  distillation  of  ammonium 
acetate  : 

CH3-COO(NH4)  =  CH3"CO(NH8)  +  H20. 
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Acetamide  is  also  produced  by  heating  acetic  acid  with  potassium  sul- 
phocyanide  for  several  days.  At  first,  potassium  acetate  and  sulphc- 
cyanic  acid  are  formed.    The  latter  then  acts  on  the  free  acetic  acid: 

CH3-COOH  +  HSCN  =  CHrCO  "  NH2  +  COS. 

Acetamide  Carbon 

oxysulphide 

Acetamide  is  a  colorless,  crystalline  substance  fusing  at  78°, 
and  boiling  at  222°.  It  has  a  peculiar  odor.  Phosphoric  an- 
hydride acts  dehydratingly  on  it,  forming  acetonitrile  (methyl 
cyanide)  : 

CH3_CO"NH2  -  H20  =  CH3-CN". 

CH3"CO\ 

By  heating  acetic  acid  with  acetonitrile,  diacetamide,  CH3~CO^N, 

H/ 

is  formed,  which  is  very  similar  to  acetamide : 

CH3-CO\ 

cHrcN  +  ch3-cooh  =  ch3~co^n. 

It  fuses  at  59°  and  boils  at  210°-215°. 

By  heating  acetic  anhydride  (see  below)  with  acetonitrile,  triacetamide, 

ch3~co\ 

CH3  CO— ^N,  is  formed,  which  also  resembles  acetamide.  It  fuses  at  78°. 
CH3-CO/ 

fiji  -pn\  CHa  CO\ 

CH3-CN  +  p„3-pn  >0  =  CH3'CO^N. 

CH3  CO/  CH3-C0/ 

When  acetyl  chloride  and  sodium  acetate  are  distilled 
together,  there  is  formed,  besides  sodium  chloride, 
CH  ~CO\ 

Acetic  Anhydride,  q^L'GO/^'    ^  colorless  liquid  with 

an  odor  resembling  acetic  acid.  It  boils  at  138°.  It  sinks  in 
water,  and  is  gradually  decomposed  by  it  into  acetic  acid  : 

Ch'-CO^0  +  H2°  =  2  CH3~C00H- 

Barium  peroxide  converts  acetic  anhydride  into  acetyl  superoxide, 
CH3_CO-0 

„  1 ,  or  C4H0Oj.    It  is  a  thick  oil,  which  acts  as  a  strong  oxidizing 

CH3~CO~0  &  6 

agent,  and,  when  heated,  explodes. 
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By  leading  chlorine  into  acetic  acid,  the  hydrogen  of  the  methyl  is 
replaced  by  chlorine,  and  the  following  compounds  are  obtained  : 

1)  Monochlor acetic  acid,  CH.Cl~COOH,  a  crystalline,  deliquescent 
mass.  It  fuses  at  62°  and  boils  at  187°.  It  forms  crystalline  salts,  and 
exchanges  its  chlorine  atom  for  other  mono-valent  atomic  groups. 

2)  Dichloracetic  acid,  CHCl2_COOH,  is  an  easily  fusible,  crystalline 
substance  boiling  at  195°.  Its  ethyl  ester,  CHCl2-COOC2H;,,  is  formed 
by  the  action  of  potassium  cyanide  on  an  alcoholic  solution  of  chloral 
hydrate.    It  is  a  liquid  boiling  at  156°. 

3)  Trichloracetic  acid,  CCl3~COOH,  is  also  obtained  by  the  oxidation 
of  chloral.  It  is  a  crystalline,  deliquescent  substance,  boiling  at  200  ". 
Potassium  hydroxide  decomposes  it  into  chloroform  and  potassium 
carbonate  : 

CCL-COOH  +  2  KOH  =  CC13H  +  K2C03  +  H20. 

By  the  action  of  sulphuric  anhydride,  acetic  acid  is  converted  into 
acetosulphonic  acid,  CH2(S03H)~COOII,  a  crystalline,  easily  soluble, 
dibasic  acid. 

As  yet  we  have  considered  only  those  oxygen  derivatives  of 
ethane  in  which  the  hydrogen  atoms  of  the  second  CH3 
remained  intact,  or,  at  most,  were  replaced  by  chlorine  atoms. 
If,  however,  the  hydrogen  atoms  of  the  second  CH3  are 
replaced  by  hydroxyls,  compounds  are  formed  which  are  alco- 
hols, aldehydes,  or  acids,  depending  on  the  number  of  H's 
replaced  by  hydroxyl. 

If  one  H  in  each  of  the  CH3-groups  is  replaced  by  an 
OH,  the  compound,  CH2(OH)_CH2(OH),  is  formed.  This 
naturally  possesses  alcoholic  properties,  as  it  is,  in  fact,  a 
double  alcohol.  Similar  compounds  are  also  known  in  the 
C3,  C4,  and  C5  series.    They  are  called  Glycols. 

The  H  of  the  hydroxyl  groups  can  be  replaced  by  hydrocar- 

CH2_OH  ,  .  , 

bon  rests,  ethylene  glycol,  >      _     ,  yielding  the  mono-ethyl 


ether  and  di-ethyl  ether  : 

CH2(OC2H5) 
CH2(OH) 


and 


CH2(OC2H5) 
CH2(OC2H5) 


96  C2  GROUP. — ETHANE  COMPOUNDS. 

The  mono-acetyl,  di-acetyl,  and  nitric  esters  are  also  known  : 
CH2(0- C2H30)  CH2(OC2H30)  CH2(ONO)2 

CH2(OH)  CH^OC^HgO)'  CH8(ONO)8* 

Ethylene  Glycol,  Ethylene  Alcohol,  CH2(OH)"CH2(OH), 
or  C2H602,  contains  one  more  0  than  ethyl  alcohol.  It  is 
made  from  ethylene  bromide  : 

By  digesting  ethylene  iodide  with  silver  acetate,  the  di-acetyl  glycol 
ester  is  obtained : 

CH,(C2H302) 

CM-CM  +  ,  AgC.H.O,  =  6hj(CjH<0i)  +  2  AgI, 

which,  by  boiling  with  potassium  hydroxide,  is  converted  into  glycol  : 

CH,(C,H302)     KHO     CH,(OH)  C2H302K 

CH2(C2Ha02) +  KHO  =  C.H2(OH)  +  C3H202K 
Ethylene  acetaie  Glycol      Potassium  acetate 

It  is  a  colorless,  odorless,  viscous  liquid,  boiling  at  197°. 
On  digestion  with  chlorhydric  acid,  it  is  converted  into 
CH20rCH2(0H),  glycol-chlorhyclrin,  which  by  treatment 
with  potassium  hydroxide  is  decomposed  into  ethylene  oxide: 
CH2  CH2 


0 

CH2CrCH2OH  +  KOH  =  C2H40  +  KC1  +  H20. 

Ethylene 
oxide 

Polyglycols  are  formed  with  glycol.    They  are  constituted 
as  follows  : 
Di-ethylene  glycol, 

C4H10O3  =  CH2(OH)-CH2"0"CH2_CH2(OH). 

Tri-ethylene  glycol,  C6H1404 

=  CH2(OH)-CH2-0"CH2_CH2-0-CH2-CH2(OH),  etc. 
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These  glycols  stand  in  the  same  relation  to  glycol  as  ordinary 
ether  to  alcohol. 

As  acetic  acid  is  derived  from  alcohol,  glycollic  acid, 
CH2OH"COOH,  is  derived  from  glycol.  It  is  produced  by 
boiling  monochloracetic  acid  with  an  alkali  : 

CHgCFCOOH  +  KOH  =  CH8(OH)_COOH  +  KC1. 

It  can  also  be  obtained  by  oxidizing  glycol  in  the  same  man- 
ner that  acetic  acid  is  formed  from  alcohol. 

We  see  from  the  formula  of  glycollic  acid  that  it  must  combine  the 
properties  of  an  alcohol  and  an  acid.  If  the  H  of  the  carboxyl  group  be 
replaced  by  the  ethyl  group,  CH2(OH)~COOC2H5  is  formed,  which  is  the 
ester  of  glycollic  acid  and  analogous  to  acetic  ester.  If  the  H  of  the 
hydroxyl,  however,  is  replaced  by  the  same  group,  CH2(OC2H5)_COOH 
is  obtained,  which  is  a  new  acid,  ethoxy glycollic  acid,  and  which  neutral- 
izes bases  with  the  same  power  as  glycollic  acid.  If  the  hydroxyl  of 
glycollic  acid  be  replaced  by  the  amido-group,  NH2,  a  neutral  body, 
CH2(OH)~CONH2,  gly col-amide,  analogous  to  acetamide,  is  formed.  The 
introduction  of  NH>  in  place  of  the  OH  of  the  CH2OH,  influences 
the  compound  but  little,  and  the  compound  which  is  obtained, 
CH2(NH2)COOH,  amido-acetic  acid,  or  glycocoll,  is  a  decided  acid.  We  see 
hence  that  there  are  a  great  number  of  isomeric  compounds  depending  on 
which  carbon  atom  is  involved  in  the  substitution.  The  more  important 
will  be  mentioned. 

Glycollic  acid  is  a  white,  deliquescent,  crystalline  mass,  fus- 
ing at  80°.  It  cannot  be  distilled  without  decomposition. 
In  water  and  alcohol  it  is  very  soluble.  It  forms  salts,  esters, 
and  ester  acids.  Phosphorus  trichloride  converts  it  into  gly- 
collic chloride : 

3  CH2(OH)-COOH  +  2  PC13  =  3  CH8CrCOCl  +  2  PH303, 

which  is  identical  with  monochloracetyl  chloride.  It  is 
decomposed  by  water  into  monochloracetic  acid  and  chlor- 
hydric  acid  : 

CH.crcoci  +  H20  =  CH3CrCOOH  +  HC1. 
7 
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Of  the  other  substitutions  of  glycollic  acid  we  shall  mention 
only  glycolamide,  CH2(OH)~CO(NH2),  which  forms  color- 
less crystals  easily  soluble  in  water,  and  slightly  in  alcohol ;  and 

Glycocoll,  Amido-acetic  acid,  Glycine,  CH2(NH2)~COOH, 
which  is  formed  by  the  decomposition  of  glue  by  sulphuric 
acid,  and  from  many  substances  existing  in  the  animal 
organism  (bile  acids,  uric  acid,  hippuric  acid).  It  is  also 
formed  by  the  action  of  monobromacetic  acid  on  ammonia : 


CH2Br_COOH  +  NH3  =  CH2(NH2)_COOH  +  HBr. 


Large,  colorless,  rhombohedral  crystals,  fusing  at  170°.  It 
is  stable  in  the  air,  easily  soluble  in  water,  and  insoluble  in 
alcohol. 

Glycocoll  is  a  weak  acid,  exchanging  the  H  of  its  hydroxyl  for 
bases.  It  also  combines  with  acids,  since  it  is  both  an  amine- 
base  as  well  as  an  acid.  The  copper  compound,  (C2H4N02)2Cu 
+  H20,  which  is  obtained  by  dissolving  copper  oxide  in  a 
hot  solution  of  glycocoll,  is  a  characteristic  example  of  this  class 
of  salts.    It  crystallizes  in  deep  blue  needles. 

In  the  same  manner  that  glycol  forms  poly-glycols,  glycollic 
acid  yields  polij-glycollic  acids.  Di-glycollic  acid,  C4H6Os  = 
C02H~CH2"0"CH2"C02H,  which  is  formed  with  glycollic 
acid,  when  the  latter  is  made  from  mono-chloracetic  acid, 
is  an  example  of  this  class. 

Glycollic  acid  forms  a  peculiar  anhydride,  glycol  lide  : 


It  is  an  amorphous  powder,  which  by  boiling  with  alkalis  or  water  is 
converted  back  into  glycollic  acid. 

Besides  ordinary  aldehyde,  there  are  two  other  bodies  of  an  aldehyde 
nature  derived  from  ethane,  viz.,  glyo  jal,  CHO~CHO,  and  glyoxalic  acid, 
CHO'COOH.  Finally,  by  complete  hydroxylation  of  all  the  hydrogen  of 
ethane,  we  derive — 


Oxalic  Acid,  COOH  COOH,  or  C2H204.  Oxalic  acid  is  a 
di-basic  acid,  as  it  contains  two  carboxyl  groups. 
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Oxalic  acid  is  largely  distributed  in  the  vegetable  kingdom  m 
the  form  of  potassium,  sodium,  and  calcium  salts.  It  is 
formed  by  the  oxidation  of  many  carbon  compounds,  particu- 
larly the  fats  and  carbhydrates  (sugar,  starch,  gum,  wood- 
fibre,  etc.).  It  is  made  commercially  by  heating  saw-dust 
with  potassium  or  sodium  hydroxide. 

It  crystallizes  in  large,  transparent,  colorless  prisms,  contain- 
ing two  molecules  of  water,  which  it  loses  at  100°.  It  is  easily 
soluble  in  water  and  alcohol.  It  is  poisonous.  By  careful 
heating  it  sublimes  at  150°.  When  heated  rapidly,  it  decom- 
poses into  carbonic  acid,  carbonous  oxide,  and  water.  It  suffers 
the  same  decomposition  on  heating  with  concentrated  sul- 
phuric acid.  When  heated  with  glycerol,  it  breaks  into  car- 
bonic acid  and  formic  acid  : 

C2H304  =  C02  +  CO  +  H20. 
C,H204  =  C02  +  CH202. 

Oxalic  acid  acts  as  a  reducing  agent.  It  precipitates  gold  and  pla- 
tinum from  their  chlorides,  and  is  oxidized  itself  into  carbonic  acid  : 

PtCl4  +  2  C2H,0<  =  Pt  +  4  C02  +  4  HC1. 

In  the  same  manner  it  reduces  manganese  di-oxide  to  manganous  salts, 
decolorizes  potassium  permanganate,  etc. 

Oxalic  acid  forms  two  series  of  salts,  viz.,  acid,  in  which  one 
H,  and  neutral,  in  which  both  H's  are  replaced  by  metals. 
Double  salts  of  it  are  also  known. 

The  following  are  of  importance.  Potassium  hydrogen  oxalate,  binox- 
alate  of  potash,  KHC204,  slightly  soluble  in  cold  water.  Ammonium 
hydrogen  oxalate,  (NHj)HC,04;  on  heating,  water  splits  out  and  nramir, 
acid,  COOH"CO(NH2),  is  formed.  Ammonium  oxalate  (NH4).C,0,;  on 
heating,  it  gives  oxamide,  CO(NlIo)-CO(NH  2).  Calcium  oxalate,  Ca(  !s04, 
completely  insoluble  in  water.  Its  formation  is  used  as  a  test  for  oxalic 
acid  as  well  as  for  its  separation.  The  oxalates  of  silver  and  mercury 
decompose,  on  heating,  with  explosion,  and  break  into  carbonic  acid  and 
the  metal. 

Oxalic  acid  forms  two  series  of  esters: 
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COOH 

Methyl-oxalic  acid,  i  ,  and 

*  COOCH3 

COOCH3  ,.  .    .  .  ,  ,    ,   .       .  Wl  . 

Oxalic  methyl  ester,  1  ,  monochnic  tablets  fusing  at  51  and 

J  COOCH, 

boiling  at  162°.    It  is  used  for  the  production  of  pure  methyl  alcohol. 
COOH 

Ethyl-oxalic  acid,  1  ,  and 

COOC2H5 

COOC  H 

Oxalic  ethyl  ester,  1        2   5 ,  liquid  boiling  at  186°.    "Water  decom- 
COOC2H5 

poses  it  gradually  into  oxalic  acid  and  alcohol. 

Oxalic  acid  forms  also  two  amido-substitutions: 

COOH  ,  . 

Oxamic  acid,  1  ,   which  is  obtained  by  heating  ammonium 

CO(NH)2 

hydrogen  oxalate  : 

COOH  COOH 
1  -  H20  =  1  ; 

COO(NH4)  CO(NH2) 

or  by  boiling  oxamide  with  aqueous  ammonia,  the  ammonium  salt  of 
oxamic  acid  being  formed  : 

CO(NH2)  COO(NH.) 
1  +  H20  =  1 

CO(NH2)  ^  CO(NH2) 

Oxamic  acid  is  a  white,  crystalline  powder. 
CO(NH2) 

Oxamide,  1  ,  is  produced  by  the  distillation  of  neutral  ammo- 

CO(NH2)      F  J 

nium  oxalate  : 

COO(NH4)  CO(NH2) 
1  —  2  H20  =  1  : 

COO(NH4)  CO(NH2) 

or  by  the  action  of  aqueous  ammonia  0:1  oxalic  ethyl  ester  : 

COO(CaH»)  CO(NH2) 
.  -|-  2  NH3  =  1  ;  +  2C2H60. 

COO(CaH5)  CO(NH2)^ 

It  is  a  white  powder  almost  insoluble  in  water.  When  heated  with 
phosphoric  anhydride,  it  yields  cyanogen  : 

CO(NH2) 
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Phosphoric  anhydride  acts  as  a  dehydrating  agent,  because  it  has  a 
strong  tendency  to  pass  into  phosphoric  acid. 

Cyanogen  may  be  considered  as  the  nitrile  of  oxalic  acid  in  the  same 
way  that  cyanhydric  acid  is  the  nitrile  of  formic  acid,  and  methyl  cyanide 
the  nitrile  of  acetic  acid.  All  nitriles  are  converted  into  their  correspond- 
ing acids  by  the  addition  of  the  elements  of  water  : 

HCN  +  2  H20  =  HC02H  -f  NH3 
Cyanhydric  Formic  acid 

acid 

CHrCN  +  2  H20  =  CHrCO.H  _|_  NH3 
Methyl  cyanide  Acetic  acid 

CN  C02H 
i    +4H,0  +  i        +  2NH3. 
CNT  T  C02H  T 

Cyanogen  Oxalic  acid 

Since  oxalic  ethyl  ester  yields  oxamide  when  treated  with  ammonia, 
it  gives  substituted  oxamides  when  treated  with  substituted  amines. 
With  ethylamine,  for  example,  di-ethyloxamide  is  produced. 

Phosphorus  pentachloride  converts  oxamide  into  a  very  unstable  com- 

CCirNHo  .     „  CC1=NH 

pound,  i  ,  from  which  HC1  is  eliminated,  forming  first  i  , 

^       CC12~NH2  CC1=NH 

CEN  CO"NHCH3  . 

and  then  ^  ^.    If  dimethyloxamide  or  diethyloxamide,  qq-^jjqjj.  '  13 

taken  instead  of  oxamide,  the  chlorine  compound  which  is  formed  loses 
three  molecules  of  HC1,  forming  the  bases  chloroxalmethyline,  C4H5C1N2, 
and  chloroxalethyline,  C6Hc,ON2. 


Sulpho-Siibstitutions  of  Ethane. 

The  sulpho-substitutions  of  ethane  are  not  as  numerous  as 
the  oxygen  derivatives,  and  on  account  of  their  lesser  impor- 
tance only  a  few  of  the  better  known  will  he  mentioned. 

Efhylmercaptan,  CH3"CHS"SH,  or  C3H6S,  corresponds 
to  the  ethyl  alcohol.  It  is  produced  by  the  distillation  of 
potassium  ethylsulphate  or  ethyl  chloride  with  potassium 
sulphydrate  : 

C2H6(KS04)  +KSH  =  C2H5(SH)  +  K2S04 
C2H6(C1)  +KSH  =  C2H5(SH)  +  KC1. 
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It  is  a  colorless  liquid  with  a  highly  offensive  odor.  It  boils 
at  36°,  is  but  slightly  soluble  in  water,  and  is  miscible  with 
alcohol  and  ether.  The  H  of  its  SH  is  easily  replaced  by 
metals,  forming  mercaptides  (C2H5SK).  Fuming  nitric  acid 
oxidizes  it  into  ethylsulphonic  acid  : 

C2H5SH  +  03  =  C2H5-S03H. 

By  distilling  potassium  ethylsulphate  with  potassium  sul- 
phide we  obtain  : 

Ethyl  Sulphide,  q'r-qyl  corresponding  to  ether.  Col- 
orless liquid  with  the  odor  of  garlic,  boiling  at  91°.  Fuming 
nitric  acid  oxidizes  it  to  di-ethyl-sulphone,  (C2H5)2S02. 

The  oxidation  of  mercaptan  to  sulphonic  acid,  and  of  the  sulphide  to 
sulphone,  is  exactly  analogous  to  the  oxidation  of  the  phosphines  to  phos- 
phinic  acids  (vid.  p.  68).  Hydrogen  sulphide  is  oxidized  to  sulphuric  acid, 
the  sulphur  taking  up  two  atoms  of  oxygen  and  both  the  H's  being  con- 
verted into  hydroxyls  : 

§^>S  passes  into  Jjq^SO,,. 

The  same  reaction  takes  place  when  the  hydrogen  is  replaced  by  or- 
ganic atomic  groups,  with  the  exception  that  the  oxidation  does  not 
extend  to  the  latter  : 

CaI*£>S   yields  C^>S02 

Ethylsulphonic 
acid 

DiOthylsulphone 

In  these  compounds  the  sulphur  is  of  course  hexa-valent  as  in  sul- 
phuric acid. 

Ethyl  sulphide  unites  directly  with  ethyl  iodide  : 
(C2H5)2S  +  C2H5I  =  (C2H5)3SI. 


C  H  \ 

The  constitution  of  this  compound  is  q2jj5^>S 


C2H5. 


ETHYL  SULPHIDE. 
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The  atom  of  iodine  can  be  replaced  by  any  acid  rest  or  by 
hydroxyl.  In  the  latter  case,  a  strongly  basic  substance  is 
formed,  which  attracts  carbonic  acid  from  the  air.  These 
peculiar  compounds,  which  show  sulphur  to  be  a  tetra-valent 
element  occur  in  the  other  carbon  series,  and  are  called  sul- 
phine  compounds.  This  one  in  particular  is  tri-ethyl-sirtp7une 
iodide. 

If  potassium  ethylsulphate  is  distilled  with  K2S2,  instead  of 
K2S,  we  obtain  : 

CH3  CH2  S 

Ethijl  Disulphide,  _  1  ,orC4H1 0S2,  to  which  there 

Cri3  CU2  b 

is  no  corresponding  oxygen  compound.  It  is  similar  to  ethyl 
sulphide  in  its  properties  and  boils  at  151°. 

Ethyl  Sulphaldehyde,  CH3~CHS,  or  C2H4S,  corresponds  to 
ethyl  aldehyde.  It  is  obtained  by  leading  hydrogen  sulphide 
through  aldehyde.  An  oil  is  formed  which  is  decomposed  by 
acids,  yielding  sulphaldehyde,  a  white,  crystalline  body.  It  is 
properly  the  triple  polymer  3  C2H4S  =  CGH12S3.  The  sim- 
ple aldehyde  has  not  yet  been  obtained. 

Thiacetic  acid,  CH3~COSH,  or  C2HjSO,  corresponding  to  acetic  acid. 
It  is  formed  by  the  action  of  phosphorus  pentasulphide  on  acetic  acid, 
or  acetyl  chloride  on  potassium  sulphydrate  : 

5  CHrCOOH  +  PaSs  =  5  CH3-COSH  4.  P205 
CHrCOCl  +  KHS  =    CHrCOSH  +  KC1. 

Colorless  liquid  with  the  odor  of  both  acetic  acid  and  hydrogen  sul- 
phide.   It  boils  at  93°,  and  forms  salts  and  esters. 

CFT  —  PO\ 

Thiacetic  anhydride,  CH3~CO/ ^'  *s  formec*  the  acti°n  of  P2S5  on 
acetic  anhydride.    It  is  a  colorless  liquid  boiling  at  121°. 

By  the  action  of  ethyl  iodide  on  sodium  or  ammonium  sulphite,  ethyl- 
sulphonic  acid,  C2HS~  SOaH,  is  formed.  Its  salts  are  well  known.  It  is 
identical  with  the  acid  obtained  by  the  oxidation  of  ethyl  mercaptan. 
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Nitrogen  Substitutions  of  Ethane. 

Ethylamine,  C2Hg~N"H2,  or  C2H7N,  is  made  from  ethyl 
iodide  and  ammonia,  or  from  ethyl  cyanic  ether  and  potas- 
sium hydroxide.  It  is  a  colorless  liquid  with  an  ammoniacal 
odor,  boiling  at  18°.    It  yields  crystalline  salts  with  acids. 

Di-ethylamine,  (C2H5)2NH,  or  C^H^N,  is  made  from 
ethyl  iodide  and  ammonia.    It  boils  at  57°. 

Tri-etJiylamine,  (C2HS)3N,  or  C6H15N,  is  made  in  the 
same  manner.    It  boils  at  96°. 

Tetra-ethylammonium  iodide,  (C2H5)4NI,  is  the  final  pro- 
duct of  the  reaction  of  ammonia  on  ethyl  iodide.  It  is  a 
white,  crystalline  mass.    With  silver  iodide  it  yields  : 

Tetra-ethylammonium  hydroxide,  (C2H5)4N~OII,  which  is 
a  base  resembling  potassium  hydroxide. 

By  the  action  of  ammonia  on  ethylene  chloride,  CH2d~CH2Cl,  anal- 
ogous compounds  are  formed  : 

CH  — NH 

Ethylene-diamine,  i  ,  or  C2H4(NH2)2. 

CH2  NH2 

Di-ethylene-diamine,  ^h!/^^2, 
C2H4\ 

Tri-ethylene-diamine,  C2H4=N2. 

C2H4/^ 

They  are  liquids  of  basic  character. 

Glycolchlorhydrin  unites  with  ammonia  and  amine  bases,  particularly 
with  the  tertiary  amines,  forming  substituted  ammonium  compounds. 

CH2-OH 

The  compound  with  trimethylamine  is  i  ,  trimethyloxethyl- 

CH2  JN(Lri3)301 

CH2-OH  . 
ammonium  chloride.  The  hydroxide,  i  ,  ^tj'  exists  in  the  bile. 

It  can  be  produced  by  the  action  of  alkalis  on  a  substance  occurring  in 
white  mustard  seeds  (sinapin),  and  is  called  choline.    It  is  a  strongly  basic 

CH2"I 

body,  and  gives  with  iodohydric  acid  the  compound  ^jHa-N^CHjjj»  tn~ 


NITRO-ETHANE. 


105 


methyliodoethylammonium  iodide.    This  iodide  when  treated  with  moist 
CH5_0 

silver  oxide  yields  the  oxide  i       i  , which  is  contained  in  the  sub- 

CH2-NE(CH3)3 

stance  of  the  brain,  and  is  called  murine.  By  the  oxidation  of  neurine  or 

.co  -o 

choline,  oxyneurine,  i       i  ,  is  obtained.    It  exists  in  the  sugar 

CHj  N(Cn3)3 

beet  (beta  vulgaris),  and  is  called  betaine.  It  is  formed  by  heating  mono- 
chloracetic  acid  with  trimethylamine. 

By  the  action  of  silver  nitrite  on  ethyl  iodide,  Nitro-ethane, 
C2H5"N02,  is  formed  (isomeric  with  ethyl  nitrous  ester).  It 
is  a  liquid  boiling  at  112°. 

The  only  other  compounds  of  the  C2  series  which  we  shall 
mention  are  the  following.  Their  methods  of  preparation 
will  be  found  under  the  corresponding  substances  of  the  Ct 
series. 

Ethylphosphine,  C2H5PH2,  boils  at  25°. 
Di-ethylphosphine,  (C2H5)2PH,  boils  at  85'. 
Tri-ethylphosphine,  (C2H5)3P,  boils  at  127c. 

They  are  all  obtained  according  to  the  methods  given  under  the  cor- 
responding compounds  in  the  methane  series.  They  are  easily  oxidized, 
the  ethylphosphine  to  ethylphosphuiic  acid,  C2H3PO(OH)2,  di-ethylphos- 
phine to  di-ethylphosphinic  acid,  (C2H5)2PO(OH),  tri-ethylphosphine  to 
tri-ethylphosphinic  oxide  (C2H5);,PO. 

Tri-ethylarsine,  (C2H5)3As,  boils  at  140',  fumes  in  the  air,  and  on 
warming  in  the  air  takes  fire. 

Tri-ethylstibine,  (C2H5)3Sb,  boils  at  158°,  fumes  in  the  air,  and  takes 
fire. 

Zinc-ethyl,  (C2H5)2Zn,  boils  at  118°,  and  takes  fire  at  once  when  ex- 
posed to  the  air. 

Mercury -ethyl,  (C2H5).>Hg,  boils  at  159°.    It  is  extremely  poisonous. 
These  compounds  are  all  obtained  by  reactions  analogous  to  those  of 
the  corresponding  methyl  compounds. 

The  following  esters  are  worthy  of  notice. 

Ethyl  cyanide,  C2H5"CN,  is  produced  from  potassium  ethylsulphate 
and  potassium  cyanide.  It  is  a  liquid  with  an  ethereal  odor,  boiling  at 
98°.  On  boiling  with  alkalis,  it  is  decomposed  into  ammonia  and  pro- 
pionic acid.  It  is  therefore  the  stepping-stone  from  the  C3  to  the  Cs 
series  : 
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CaH6-CN  -|-  2  H20  =  C,H,~COOH  -f  NHa. 

Propionic  acid 

It  is  hence  propionitrile. 

Ethyl  isocyanide  is  prepared  from  silver  cyanide  and  ethyl  iodide.  It 
is  a  liquid  with  an  offensive  bitter  odor,  and  boils  at  79°.  Acids  decom- 
pose it  at  once  into  ethylamine  and  formic  acid  : 

C2H5-NC  +  2  H  .O  =  C2H5(NH.,)  +  CH202. 

Ethyl-cyanic  ether,  CON'CiH.,,  is  obtained  by  the  dry  distillation  of 
potassium  cyanate  with  potassium  ethylsulphate.  It  is  a  colorless  liquid 
with  a  strong  odor  which  irritates  the  eyes.  It  boils  at  60°.  With  it 
there  is  formed 

Ethyl-cyannric  ether,  C30:iN3  .  (CiH5)3,  which  forms  large  crystals 
fusing  at  85°  and  boiling  at  276°.  Potassium  hydroxide  decomposes  both 
the  cyanic  and  cyanuric  ether  into  ethylamine  and  potassium  carbonate : 

CON-C.H;  +  2  KHO  =  K.CC^  +  C.H5NH2. 

Ethyl-isocyanic  ether,  CNO~C2H5,  is  formed  from  chlorcyan  and 
sodium  ethoxide : 

CNC1  +  NaOCiH5  =  CNOC,H5  +  NaCl. 

It  is  a  liquid  insoluble  in  water,  and  not  distillable  without  decom- 
position. With  potassium  hydroxide  it  breaks  into  potassium  cyanate 
and  alcohol  ; 

CNO-C2H5  +  KHO  =  CNOK  +  C,HsOH. 

Ethyl  mustard  oil,  CSN'CJI..,  is  produced  in  a  manner  analogous  to 
the  methyl  mustard  oil.  It  is  a  colorless  liquid  with  the  odor  of  mustard 
oil,  boiling  at  134°.  With  nascent  hydrogen  it  passes  into  ethylamine 
and  methylsulphaldehyde  : 

CSN-C2HS  +  2  H2  =  CH,S  +  C,H5(NH2). 

Ethyl  sulphocyanide,  C2H5~SCN,  is  obtained  by  digestion  of  potas- 
sium ethylsulphate  with  potassium  sulphocyanide.  It  is  a  liquid  with  an 
unpleasant  odor,  boiling  at  146°.  With  nascent  hydrogen,  it  yields  cyan- 
hydric  acid  and  ethylmercaptan  : 

CNS  "C,H5  +  H2  =  CNH  +  C2H5SH. 
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Propane  Compounds. 

All  compounds  that  contain  three  carbon  atoms  bound  to 
each  other,  are  derived  from  the  hydrocarbon  CH3~CH3~CH3, 
Propane.  The  diversity  of  the  derivatives  and  the  number  of 
the  isomers  in  this  series  is  naturally  greater  than  in  the 
ethane  series.  It  will  only  be  necessary  to  consider  the  more 
important  members  of  this  class,  since  most  of  the  compounds 
not  mentioned  here  can  be  produced  according  to  the  analo- 
gous reactions  of  the  corresponding  members  of  the  methane 
and  ethane  series. 

The  replacement  of  an  atom  of  hydrogen  by  a  mono-valent 
atom,  or  atomic  group,  can  produce  two  isomeric  substances, 
depending  on  whether  an  atom  of  the  group  CH3  or  CH2  is 
substituted. 

Bodies  formed  by  substitution  in  the  CH3  group  are  called 
propyl  compounds,  while  those  arising  from  substitution  in 
the  CH3  group  are  known  as  isopropyl  compounds. 

Propane  is  but  little  known.  The  first  derivative  of  it  is  propylene, 
CHa~CH=CH2,  which  is  formed  from  allyl  iodide  and  iodohydric  acid  : 

O.HJ  +  HI  =  CsH.-|-Ii. 

Also  from  isopropyl  iodide  and  potassium  hydroxide  : 

CaH7I  +  KOH  =  CaHfi  +  KI  +  H20. 

Propylene  is  a  gas.  It  unites  with  iodohydric  acid  to  form  isopropyl- 
iodide : 


CaH„  +  HI  =  C.HJ  =  CH3-CHI-CHa. 
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There  is  also  a  hydrocarbon  of  the  C3  series  corresponding 
to  acetylene,  viz., 

Allylene,  CH3~C=CH.  It  is  formed  by  the  action  of 
propylene  bromide  on  an  alcoholic  solution  of  potassium 
hydroxide  : 

CH3-CHBr-CH2Br+2KHO  =  CH3"C=CH+2  KBr+2  H20. 

It  is  a  colorless  gas,  which,  like  acetylene,  gives  explosive  pre- 
cipitates with  an  alcoholic  ammoniacal  solution  of  cuprous 
chloride  or  silver  nitrate.  It  unites  with  bromine,  forming 
two  compounds,  allylene  dibromide,  CH3~CBr=CHBr,  and 
allylene  tetrabromide,  CH3~CBr2~CHBr2. 

Propyl  Chloride,  CH3~CH2~CH2C1,  or  C3H7C1,  is  a  color- 
less liquid,  boiling  at  47°.  It  is  obtained  from  normal  propyl 
alcohol  by  the  action  of  gaseous  chlorhydric  acid. 

Isopropyl  Chloride,  CH3~CHCrCH3,  or  C3H7C1,  obtained 
from  isopropyl  alcohol.  It  boils  at  37°.  Both  have  a  pleasant 
odor  and  resemble  ethyl  chloride. 

Propyl  bromide,  CH3-CH2_CH2Br,  or  C3H,Br,  boils  at  71°. 

Isopropyl  bromide,  CH3~CHBr~CH3,  or  C3H7Br,  boils  at  61°. 

Both  are  obtained  from  the  corresponding  alcohols  by  the  action  of 
bromhydric  acid.    They  resemble  ethyl  bromide  very  much. 

Propyl  iodide,  CH3-CH2-CH,I,  or  C.HJ,  boils  at  102". 

Isopropyl  iodide,  CH3~CHI~CH3,  or  C3H7I,  boils  at  80°. 

Both  are  obtained  from  the  corresponding  alcohols  by  the  action  of 
gaseous  iodohydric  acid,  and  are  liquids  resembling  ethyl  iodide,  being 
colorless  and  having  pleasant  odors. 

Propylene  chloride,  CH3~CHC1~CH2C1,  or  C3H6C12  is  formed  on  the 
contact  of  propylene  and  chlorine.  It  boils  at  97°.  By  continued  action 
of  chlorine,  all  the  hydrogen  is  replaced  by  chlorine. 

The  other  dichlorpropylenes  are  (1)  CH3_CHCrCHoCl,  boils  at  97°. 
(2)  CH.,Cl-CHa-CHaCl,  boils  at  117°.  (3)  CH3-CH2"CHC12,  boils  at 
85°.  (4)  CH3-CClrCH3,  boils  at  70°.  All  four  have  the  formula 
C3H0C12. 


Propyl  Alcohol,  CH3"CH2"CH2(OH),  or  C3H80,  is  formed 
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in  small  amounts  in  the  fermentation  of  sugar,  and  is  hence 
present  in  crude  spirit. 

It  can  be  formed  synthetically  from  ethyl  cyanide.  Ethyl  cyanide 
is  converted  into  propionic  acid  by  boiling  with  potassium  hydroxide  : 

C2HrCN  +  2  H.20  =r  C2H5_COOH  +  NH3. 

The  propionic  acid  is  transformed  into  its  lime  salt,  which,  after  being 
well  dried  at  100°,  is  distilled  with  calcium  formate  : 

CaH5C00\Oa   ,  HCOO\Pq  _  C2H5-CHO  ,  CaC03 


CoH5COO/^a  "1"  HCOO/Vd  -  C2Ha"CHO  ~r  CaC03- 

The  propionic  aldehyde  which  is  thus  obtained  is  converted  into  propyl 
alcohol  by  the  action  of  nascent  hydrogen  (sodium  amalgam)  : 

C2H5_CHO+H2  =  CaH5"CHa(OH),  or  CH3-CHa-CH2(OH). 

Propyl  alcohol  is  a  liquid  with  a  pleasant  alcoholic  odor.  It 
boils  at  98°. 

All  the  reactions  of  both  propyl  and  isopropyl  alcohols  are  analogous  to 
those  of  methyl  and  ethyl  alcohols.  Their  halogen  substitutions,  ethers, 
and  esters  are  formed  in  the  same  manner  as  the  corresponding  derivatives 
of  the  C2  group  from  ethyl  alcohol. 

Isopropyl  Alcohol,  CH3"CH(OH)"CH3,  or  C3H80,  is  also 
formed  in  small  amounts  in  the  alcoholic  fermentation  of 
sugar,  and  is  hence  present  in  crude  spirits.  It  is  usually- 
made  artificially  either  from  glycerol  or  acetone. 

Glycerol  when  heated  with  iodohydric  acid  yields  isopropyl  iodide  : 
C3H603  +  5  HI  =  C3H7I  +  2  Ia  -f  3  H20, 

which  when  boiled  with  plumbic  hydroxide  and  water  gives  isopropyl 
alcohol  : 

2  CaH,I  +  Pb(OH)2  =  2  C3HeO  +  Pbl«. 
It  is  formed  from  acetone  by  reduction  with  sodium  amalgam  : 
CH,-CO-CH3  +  Ha  =  CH3-CH(OH)-CH3. 

It  is  a  liquid  resembling  propyl  alcohol.    It  boils  at  83°. 
The  normal  propyl  alcohol  yields  propionic  aldehyde, 
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CH3"CH2"CHO,  and  propionic  acid,  CH3"CH2"COOH,  on 
oxidation.  By  oxidation  of  isopropyl  alcohol,  however,  acetone, 
CH3~CO"CH3,  is  first  formed.  By  further  oxidation,  the  mole- 
cule splits,  giving  acetic  and  formic  acids.  Owing,  however, 
to  the  easy  oxidizability  of  formic  acid,  acetic  acid  and  carbonic 
acid  are  the  final  products.  The  oxidation  of  the  alcohol, 
affords,  therefore,  a  method  of  ascertaining  whether  the  OH  is 
bound  to  the  CH3  or  the  CH2. 

The  first  oxidation  product  of  propyl  alcohol  is  Propion- 
aldehyde,  CH3~CH2~CHO,  or  C3H60.  It  can  also  be  obtained 
by  distilling  a  salt  of  propionic  acid  with  a  salt  of  formic  acid. 
It  is  a  colorless  liquid,  soluble  in  but  not  miscible  with  water. 
It  boils  at  49°,  and  has  a  suffocating  aldehyde  odor.  On  ex- 
posure to  the  air  it  oxidizes  to  propionic  acid. 

The  first  oxidation  product  of  isopropyl  alcohol  is  Acetone, 
Dimethyl-ketone,  CH3"CO"CH3,  or  C3H60.  Acetone  is 
formed  by  the  dry  distillation  of  many  organic  substances  e.g., 
sugar,  tartaric  acid,  etc.  It  is  a  constituent  of  wood-spirit. 
It  is  also  formed  by  the  action  of  zinc  methyl  on  acetyl 
cbloride  : 

(CH3)2Zn  +  2  CH3_COCl  =  2  CH3_CO~CH3  +  ZnCl2. 

The  best  method  of  producing  it  is  to  submit  salts  of  acetic 
acid  to  dry  distillation  : 


It  is  a  limpid  liquid  with  a  peculiar  odor.  It  boils  at  58°, 
and  is  miscible  with  water,  alcohol,  and  ether. 

Acetone  breaks  on  oxidation  into  formic  (carbonic)  and 
acetic  acids.  It  is  converted  by  reduction  with  sodium  amal- 
gam in  aqueous  solution  into  isopropyl  alcohol  : 


CH3"COONa_  CH3 
+  CH3"COONa-  CH3 


3\cO  +  Na2C03. 


3/ 


CH3_CO"CH3  +  30  =  CH^COOH  +  CHOOH 


Acetic  acid  Formic  acid 


CH3-CO_CH3  +  H2  =  CH3-CH(OH)-CH3 


Isopropyl  alcohol 


ACETONE. 


Ill 


It  combines  with  acid  alkali  sulphites,  forming  crystalline 
compounds. 

Chlorine  acts  directly  on  acetone  with  substitution  of  the  hydrogen  : 
C;,H60,  Acetone. 

C3H5C10,  Monochlor  acetone,  colorless  liquid.  Boils  at  119°.  It  causes 
weeping. 

CuH4Cl20,  Dichloracetone, boils  atl20°.  Its  constitution  isCHCl2~CO~CH3- 
The  compound  isomeric  with  it,  CH-2C1~C0~CH.,C1,  forms 
colorless  crystals,  fusing  at  43°  and  boiling  at  172-174°. 

C3H3C130,  Trichloracetone,  CC13~C0~CH3,  boils  at  170-174°. 

CsHoCLO,  Tetrachloracetone. 

C3HCI5O",  Pentachlor acetone,  boils  at  190°. 

C3C160,      Per chlor acetone,  boils  at  200°. 

They  are  liquids  with   powerful  odors.    The  higher  chlorinated 

acetones,  as  the  trichloracetone,  etc.,  combine  with  water,  forming  crystal- 
line hydrates. 

By  the  action  of  gaseous  ehlorhydric  acid,  or  concentrated  sulphuric 
acid,  acetone  is  condensed,  several  molecules  uniting  to  one  molecule  with 
the  elimination  of  water.    The  most  important  of  these  are  : 
Mesityloxide,  C6H,0O,  colorless  liquid  boiling  at  130°: 

2C3HfiO  -  H.O  =  CcH.oO. 
Phorone,  C3H,40,  fuses  at  28°  and  boils  at  196°  : 

3C3HoO  -2H,0  =  C:,H140. 

Mesitylene,  CaH12  : 

3  C3HfiO  -  3H,0  =  C,H12. 

We  shall  consider  these  compounds  in  the  aromatic  series. 

We  see  from  the  name  of  acetone,  "  dimethyl-ketone,"  that 
there  are  other  similar  bodies,  or  "  ketones,"  which  contain, 
instead  of  the  methyls,  other  hydrocarbon  rests.  Acetone 
may  be  considered  as  a  compound  in  which  the  two  active 
valences  of  CO  are  satisfied  by  two  CH3's  : 

CO<gH3  C0<|g:  C0<C. 

Acetone  Urea  Carbonyl  chloride 

One  of  the  methods  of  producing  acetone  can  easily  be 
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varied  so  as  to  produce  mixed  ketones.  Zinc  methyl  and 
acetyl  chloride  give  acetone  ;  zinc  ethyl  and  acetyl  chloride 
yield  methylethyl-Jcetone ;  zinc  ethyl  and  propionyl  chloride 
form  di-ethyl-hetone,  and  so  on.  Mixed  ketones,  and  especially 
those  of  a  higher  order,  can  also  be  produced  in  another  way. 
In  the  same  manner  that  the  distillation  of  an  acetate  affords 
acetone,  the  distillation  of  the  salts  of  higher  acids  produce 
ketones  of  a  higher  order.  Thus  a  salt  of  propionic  acid 
yields  on  distillation  di-ethyl-hetone : 

+  C2Hs-COONa  -  C2H,/C0  +  Na3C03- 

By  the  distillation  of  a  mixture  of  an  acetate  and  a  propionate,  methyl- 
ethyl-ketone  is  obtained  : 


+ 


CH3-COONa_  CH3\CQ  ,  N  CQ 
C2H5_COONa  -  C2H5/LU  +  ^&^3. 


If  instead  of  an  acetate,  a  formate  is  taken,  the  aldehyde  of  the  acid 
is  obtained,  one  of  the  free  valences  of  the  CO  being  neutralized  by  an  H, 
the  other  by  a  hydrocarbon  rest : 

CH3-COONa  _  CH:1\  CQ  ,  „  CQ 
HCOONa  -     H/OU  +  JNa2lA>3. 

The  compound  CI^>CO,  as  is  evident,  is  CH3"CHO,  or  C2H40,  alde- 
hyde. The  production  of  many  aldehydes  and  alcohols  of  higher  orders 
depends  on  this  method.  Ketones  are  therefore  aldehydes  in  which  the 
H  of  the  CHO  is  replaced  by  a  hydrocarbon  rest.  The  relations  are  seen 
at  once  from  the  following  formulas  : 

Methyl  aldehyde,  CO<Jj. 
Ethyl  aldehyde,  CO^^. 
Methyl  ketone,  CO^q§|. 

The  ketones,  like  the  aldehydes,  are  reduced  by  sodium  amalgam. 
They  always  yield  the  secondary  alcohols  : 

CH8-C0-CH3  +  H,  =  CH3"  CH(OH)~CH3. 


PROPIONIC  ACID. 
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An  intermediate  product  is  formed  in  the  reduction,  however,  by  two 
molecules  of  the  ketone  taking  up  two  atoms  of  hydrogen  forming  pina- 
cones. 

2  (CH3)2=CO  +  H2  =  (CHs)4=C(OH)"C(OH)=(CH,),  =  C6H1402. 

The  pinacones  are,  hence,  glycols.  They  are  characterized  by  their 
losing  easily  a  molecule  of  water  when  treated  with  acids,  forming  pina- 
colines : 

C.H14Oa  -  H20  =  C6H120  =  (CH3)3ECTCOCH3. 

The  pinacolines  are  ketones.  The  pinacoline  obtained  from  acetone  is 
the  tertiary  methyl-butyl-ketone. 

Ketones  unite  like  the  aldehydes  with  cyanhydric  acid,  forming  cyan 
compounds : 


Ketones  break  on  oxidation  into  two  acids  of  lower  carbon  series  : 
CH3-CO-CH3  +  30  =  CH3-COOH  4-  HCOOH. 

In  this  reaction  the  CO-group  remains  in  combination  with  the  lesser 
hydrocarbon  rest : 

C4H9_CO-C2H5  +  30  =  C4H002  +  C2HrCOOH. 

Propionic  Acid.  CH3~CH2~COOH,  or  C3H603,  is  the  sec- 
ond oxidation  product  of  normal  propyl  alcohol,  and  can  be 
obtained  by  the  oxidation  of  it.  It  is  also  formed  by  boiling 
ethyl  cyanide  with  potassium  hydroxide  : 


C2H5_CN  +  KOH  +  H80  =  C2H5_COOK  +  NH3. 


In  nature  it  occurs  in  the  sweat,  in  the  fluids  of  the  stomach, 
and  in  the  blossoms  of  the  milfoil.  It  is  a  liquid  with  a  sharp 
odor  resembling  that  of  acetic  acid.  It  distils  at  140°.  It  is 
miscible  with  water,  but  is  separated  as  an  oil  floating  on  the 
surface  by  dissolving  salts  in  its  solution. 


Chlorine,  bromine,  etc.,  substitution-products,  the  anhy- 
dride,  n2jj5-nr\  /O,  propionyl  chloride,  C8H5"C0~C1,  as 
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well  as  many  salts  and  esters  have  been  produced.  Their 
properties  are  easily  deduced  from  the  corresponding  acetyl 
compounds. 

Propyl  glycol.    There  are  two  isomeric  propyl  glycols  : 


The  first  is  the  normal  propyl  glycol,  the  second  the  iso-propyl  glycol. 
Both  are  oily  liquids,  the  former  boiling  at  216°,  the  latter  at  186°.  Their 
chlorhydrins,  acetates,  etc.,  are  known. 

By  oxidizing  the  normal  propyl  glycol,  there  is  produced 
the  normal 

Propyl-glycollic  Acid,  CH2(OH)_CH2~COOH,  or  C3H603. 
It  is  a  syrup  very  much  resembling  lactic  acid.  Its  salts  are, 
however,  different  from  those  of  lactic  acid.  It  can  be  pro- 
duced synthetically. 

Ethylene-glycol,  CH2(OH)~CH2(OH),  is  converted  by  chlorhydric  acid 
into  ethyleneglycol  hydrochloride  CH2(0H)~CH2C1  glycol-chlorhydrin), 
which,  in  turn,  by  the  action  of  potassium  cyanide  passes  into  the  cyanide, 
CH2(OH)~CH2(CN).  The  cyanide  on  boiling  with  potassium  hydroxide 
yields  propylglycollic  acid  : 

CH2(OH)-CH2"CN  +  KHO  +  H20  =  CH2(OH)-CH.rCOOK  +  NH3. 

Propylglycollic  acid,  being  a  glycollic  acid,  is  both  alcohol 
and  acid.  On  oxidation,  the  alcoholic  group  CH2(OH)  is  con- 
verted into  carboxyl,  CO(OH),  forming  malonic  acid : 


On  heating,  water  splits  out,  yielding  acrylic  acid,  C3H402  : 
CH3(OH)-CH3_COOH  =  CH8=CH_COOH  +  H30. 

By  the  oxidation  of  isopropylglycol  we  obtain 
Isopropyl-glycollic  Acid,  Lactic  Acid,  CH3~CH(OH)"COOH. 


1)  CH2(OH) 
CH2 

CH2(OH) 


2)  CH3 
CH(OH) 
CH2(OH). 


CO(OH)_CH2-CO(OH). 


LACTIC  ACID. 
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Lactic  acid  occurs  in  sour  milk  and  in  many  plant  juices.  It 
is  formed  from  sugar  by  a  peculiar  fermentation  known  as  the 
"lactic  fermentation,"  and  is  found  in  many  sour,  fermented 
liquids  (sauerkraut,  etc.).  It  can  be  formed  synthetically 
from  aldehyde  and  cyanhydric  acid. 

If  aldehyde  and  cyanhydric  acid  are  treated  with  concentrated  chlor- 
hydric  acid,  a  compound  is  formed  which  contains  the  elements  of  both 
aldehyde  and  cyanhydric  acid  : 


As  it  is  a  cyanide,  the  N  can  be  replaced  by  the  group  0(0  H),  thus  form- 
ing lactic  acid  : 

CH3-CH(OH)-CN  +  2H,0  =  CHrCH(OH)-COOH  +  NH3. 

In  the  same  manner,  therefore,  that  propylglycollic  acid  is 
formed  from  ethylene  glycol,  lactic  acid  is  produced  from  alde- 
hyde, i.e.,  from  the  hypothetical  ethylidene  glycol : 


It  is  usually  made  by  allowing  sugar  to  stand  several  days  with  putrid 
cheese,  chalk,  and  water  at  a  temperature  of  30-35°.  Calcium  lactate  is 
formed,  from  which  the  lactic  acid  is  set  free  by  sulphuric  acid. 

Lactic  acid  is  a  syrup  with  a  sour  taste.  It  is  miscible  with 
water,  alcohol,  and  ether.  On  distillation,  it  gives  off  water 
and  is  converted  into  the  anhydride,  C2H10O5  : 


The  formation  of  the  anhydride  takes  place  partly  at  or- 
dinary temperatures. 

At  260°  another  molecule  of  water  splits  out  of  lactic  an- 
hydride, forming  Lactide,  C6II804  : 


CHrCHO  +  CNH  =  CHs-CH(OH)-CN. 


CH3"CH(0H)'C00H  _  CH3"CH(OH)"CO 
+  CH3-CH(OH)_COOH  _  CH3"CH(OH)"CO 


Lactic  anhydride 


:> 


0  +  H20. 
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CH3"circo 


OH3_CH(OH)-COV 
CH3-CH(OH)-CO/ 


CH3-CH_CO 


0 


I 


0+  H20. 


Lactide 


Lactide  forms  rhombic  tablets  fusing  at  124.5°,  but  little 
soluble  in  water.  In  contact  with  Avater  it  gradually  changes 
back  into  lactic  acid. 

The  most  important  salts  of  lactic  acid  are  : 

Magnesium  lactate,  (C3H503);!Mg.  It  is  obtained  by  neutralizing  lactic 
acid  with  magnesium  carbonate.  Small  bitter  crystals  difficultly  soluble 
in  water. 

Zinc  lactate,  (C3H503).2Zn,  is  obtained  by  neutralization  of  lactic  acid 
with  zinc  carbonate.    Acicular  crystals  soluble  in  58  parts  of  cold  water. 

Ferrous  lactate,  (CaH503)2Fe,  yellowish-green  crystalline  powder  diffi- 
cultly soluble  in  water. 

Both  of  the  isomeric  lactic  acids  are  homologues  of  glycollic 
acid.  They  are  part  alcohol  and  part  acid,  and  possess  the 
same  peculiarities  as  the  glycollic  acid.  They  form  ester-acids, 
CH3~CH(OC2H5)"COOH,  ethyl-lactic  acid,  and  esters, 
CH3"CH(OH)"COOC2H5,  ethyl  lactic  ester.  When  the  al- 
coholic hydroxyl  is  replaced  by  NH2,  amic  acids  are  formed, 
as  CH3~CH(NHs)~00OH,  lactamic  acid,  or  alanine,  while 
the  replacement  of  the  hydroxyl  of  the  carboxyl  by  NH2  pro- 
duces amides,  as  lactamide,  CH3~CH(OH)~CONH2. 

The  isomeric  propyl-glycollic  acids  show  marked  differences  on  oxida- 
tion. The  normal  acid  oxidizes  to  malonic  acid,  COOH~CH2~COOH,  the 
ordinary  lactic  acid  to  pyroracemic  acid,  CH3~CO~COOH,  which,  however, 
is  immediately  oxidized  into  acetic  and  formic  acids.  The  differences  in 
the  zinc  salts  are  still  more  striking.  Zinc  propylglycollate  crystallizes 
with  4  H20,  and  is  easily  soluble  in  water,  while  zinc  lactate  crystallizes 
with  3  H20,  and  is  difficultly  soluble  in  water. 

In  the  juice  of  the  muscles  there  exists  an  acid  called  sarcolactic  acid. 
It  is  a  mixture  of  normal  propylglycollic  acid  with  an  optically  active 
modification  of  lactic  acid  known  as  paralactic  acid.  This  acid  turns  the 
plane  of  polarized  light  to  the  right.  Its  zinc  salt  differs  from  that  of 
lactic  acid  by  crystallizing  with  2  H20,  and  being  easily  soluble  in  water. 


PYRORACEMIC  ACID. 
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Malonic  Acid,  COOH"CH3~COOH,  or  C3H404,  is  the  oxi- 
dation product  of  the  normal  propylglycollic  acid,  or  ethylene- 

lactic  acid.    It  is  made  from  cyanacetic  acid,  CH 2^^0011' 

By  the  action  of  potassium  cyanide,  monochloracetic  acid  is  converted 
into  cyanacetic  acid,  and  this  by  boiling  passes  into  malonic  acid  : 

CN  COOH 

CH2    +  HKO  +  HoO  =  CH,  +  NH3. 

COOH  COOK 

It  is  crystalline  and  soluble  in  water,  alcohol,  and  ether.  It 
fuses  at  132°,  and  at  higher  temperatures  decomposes  into 
acetic  and  carbonic  acids.  It  is  a  dibasic  acid  and  forms  two 
series  of  salts,  acid  and  neutral. 

Its  ethyl  ester,  CH2(COOC2H5)2,  has,  like  acetic  ester,  the  power  of  tak- 
ing up  one  atom  of  sodium,  yielding  a  compound  which  easily  decomposes 
with  chlorides,  bromides,  etc.,  and  affords  a  convenient  method  for  the 
synthesis  of  complicated  dibasic  acids,  e.g.  : 

CHNa(COOC2H5)2  +  C2H5Br  =  NaBr  +  C,H.rCH(COOC2H5)2. 

Ethylmalonic  ethyl  ester 

Pyroracemic  acid,  CH3"CO"COOH,  orC3H403,  is  produced  by  the  dis- 
tillation of  racemic  acid  : 

C4H60„  =  C3H403  +  C02  +  H20. 
Racemic  acid 

It  is  also  formed  by  decomposing  acetyl  cyanide,  CH3~CO~CN,  with 
chlorhydric  acid.  It  is  a  colorless  liquid  with  a  piercing  odor,  miscible 
with  water,  alcohol,  and  ether.  At  165°  it  boils  with  partial  decomposi- 
tion.   It  is  monobasic.    Nascent  hydrogen  converts  it  into  lactic  acid  : 

CHTCO-COOH  +H,  =  CH3-CH(OH)"COOH, 

just  as  acetone  is  converted  into  isopropyl  alcohol. 

We  have  as  yet  considered  only  those  oxidation-products  of 
propane  in  which  the  hydrogen  of  one  or  two  carbon  atoms  has 
been  oxidized.  If  the  oxidation  takes  place  at  all  three  of  the 
carbon  atoms,  we  obtain  as  the  first  representative  of  the  class 
of  compounds  : 
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Glycerol,  Glycerine,  CH 2  ( OH ) ~ CH ( Oil) ~ CH 2  ( 0 H ) ,  C  3  H 8  0  3 . 
Glycerol  occurs  in  almost  all  the  vegetable  and  animal  fats 
and  oils.  The  fats  and  oils  are,  in  fact,  glyceric  esters  of 
monobasic  acids  of  high  carbon  content  (ole'ic,  palmitic, 
stearic,  etc.),  the  hydrogen  of  the  three  hydroxyls  being 
replaced  by  the  acid  rests.  A  small  amount  of  glycerol  is 
formed  during  the  alcoholic  fermentation  of  sugar  (about  Z% 
of  the  sugar  fermented).  It  is  made  commercially  by  decom- 
posing fats  with  superheated  steam. 

It  is  a  colorless  syrup  with  a  sweet  taste.  Its  sp.  gr.  is 
1.28,  and  it  is  miscible  with  alcohol  and  water.  It  attracts 
moisture  from  the  air.  When  perfectly  pure,  it  distils  at 
290°  without  decomposition,  but  when  not  quite  pure,  it 
decomposes  at  about  275°  into  acroleine  (p.  123)  and  water. 
It  distils  easily  with  steam. 

Since  glycerol  contains  three  alcoholic  hydroxyls,  it  forms  three  series 
of  esters  with  acids.    The  acetic  esters,  or  acetins,  are  as  follows  : 

Monacetin,  CH2(OH)"CH(OH)-CH20(C.2II,0), 
Diacetin,  CH2(OH)_CHO(C2H3OrCH20(C2H30), 
Triacetin,  CH20(C2H30)_CHO(C2H30)-CH20(C2H30). 

The  stearic  and  oleic  esters  are  called  stearin  and  oleln.  They  will 
be  considered  under  the  fats.  In  the  same  manner  that  glycerol  forms 
esters,  or  compound  ethers,  with  acid  rests,  it  yields  ethers  with  alcoholic 
rests,  as,  for  instance  : 

Mon-ethylglycerol,  C3H5(OH)2(OC2H5), 
Di-ethylglycerol,  C3H5(OH:(OC.H.,)2, 
Tri-ethylglycerol,  C3H.,(OC2H5)3. 

We  have  seen  that  a  mixture  of  glycerol  and  oxalic  acid  yields  formic 
acid  when  heated  at  110".  This  reaction  depends  on  the  formation  of  the 
primary  glycerol  oxalic  ester,  which  on  heating  to  110°  evolves  carbonic- 
acid  and  passes  into  formic  acid  : 

CH2(OH)-CH(OH)-CH20_CO-COOH 

Glycerol  oxalic  ester 

=  CH2(OH)-CH(OH)-CH20-CHO  +  C02 
Glycerol  formic  ester 


GLYCEKOL. 
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The  formic  ester  thus  formed  breaks  into  glycerol  and  formic  acid  by 
boiling  with  water  : 

CH2(OHrCH(OH)-CH.20_CHO  +  H,0 
=  CH2(OH)-CH(OH)-CHo(OH)  +  CH202. 

If  glycerol  is  dropped  into  a  cooled  mixture  of  concentrated  nitric  and 
sulphuric  acids,  glycerol  nitric  ester,  or  nitrin,  wrongly  called  nitro-gly- 
cerine,  is  formed : 

CH2(ON02)-CH(ON02)-CH2(ON02),  Trinitrin. 

It  is  a  light-yellow  oil,  which  explodes  violently  on  concussion .  It  is  used 
as  a  blasting  agent.  Mixed  with  \  of  its  weight  of  infusorial  earth,  it 
bears  the  name  of  dynamite.    The  other  nitrins  are  also  known. 

By  mixing  glycerol  with  concentrated  sulphuric  acid,  glycerol  sul- 
phuric ester,  C3H:,(OH)2S04H  is  produced.  "With  phosphoric  anhydride, 
glycerol  phosphoric  ester  is  formed,  C3H5(OH)2H2P04.  The  latter  acid  is 
also  formed  from  the  decomposition  of  lecithin,  a  substance  occurring  in 
the  brain  and  in  the  yolks  of  eggs. 

On  treatment  with  chlorhydric  acid,  glycerol  yields  chlor- 
hydrins.  The  longer  the  action,  the  higher  will  be  the  sub- 
stitution : 

Monochlorhydrin,  C  3 H 5  ( OH)  2  CI, 
Dichlorhydrin,  C3H5(0H)C12, 
Tnchlorhy  drin,     C  3  H  5  CI  3 . 

We  see  that  this  reaction  is  the  same  as  the  one  by  which 
the  alcohols  were  converted  into  chlorides  : 

CH40  +  HC1  =  CH3C1  +  H20, 
C3H803  +  HC1  =  C3H7C102  +  H20, 

the  only  difference  being  that  with  glycerol  the  reaction  takes 
place  in  three  phases,  and  the  three  products  of  it  can  Le 
isolated  : 

Monochlorhydrin,  C3H,C102,  is  formed  by  heating  glycerol  saturated 
with  chlorhydric  acid  gas.    It  is  an  oily  liquid  boiling  at  220 '. 

Dichlorhydrin,  CaH,;Cl,0,  is  produced  in  two  isomeric  forms 
by  continued  heating  of  glycerol  with  chlorhydric  acid.    The  first 
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modification,  CH2Cl"CH(OH)_CH,C],  boils  at  172°-173°  ;  the  second, 
CH,CrCHCl_CH,OH,  at  182°-183°.  Both  are  liquids  with  agreeable 
odors,  and  difficultly  soluble  in  water.  By  the  action  of  potassium 
hydroxide,  HC1  is  split  out,  forming  epichlorhydrin,  C3H5C10. 

TrichlorJiydrin,  C3H6C13,  is  formed  by  the  action  of  phosphorus  penta- 
chloride  on  dichlorhydrin.  It  is  a  liquid  resembling  chloroform.  It 
boils  at  158°. 

Corresponding  to  the  chlorhydrins,  there  are  bromhydrins 
and  chlorbromhydrins,  etc. 

If  glycerol  is  digested  with  iodohydric  acid,  an  inverse  sub- 
stitution, i.e.,  a  reduction,  is  effected,  and  isopropyl  iodide, 
CH3"CHI*CH3,  is  obtained. 

The  iodohydric  acid  converts  the  glycerol  first  into  isopropyl  alcohol  : 

CH2(OH)-CH(OH)-CH2(OH)  +  4HI  =  CH3-CH(OH)-CH3 
-}- 2  H20 2 12. 

The  isopropyl  alcohol  is,  however,  at  once  changed  into  isopropyl  iodide 
by  the  further  action  of  the  acid : 

CH3-CH(OH)-CH3  +  HI  =  CH3-CHI-CH3  +  H20. 

When  glycerol  is  mixed  with  phosphorus  di-iodide,  PI2, 
heat  is  strongly  evolved  and  allyl  iodide,  C3H5I,  propylene, 
C3H6,  and  iodine  are  formed: 

CH3(OH)_CH(OH)-CH2(OH)  +  PI2  =  CH2=CirC!H8I 
+  PH303  +  L 

In  the  same  manner  that  poly-glycols  are  formed  from 
ethylene  glycol,  poly -glycerols  are  obtained  from  glycerol. 
They  are  simply  ethers  of  glycerol. 

By  careful  oxidation,  glycerol  passes  into  glyceric  acid. 

Glyceric  Acid,  CH2(OH)_CH(OH)"COOH,  or  C3H604,  is 
a  monobasic  acid,  yielding  crystallizable  salts  with  metals. 
The  free  acid  does  not  crystallize. 

Tartronic  acid  may  be  regarded  as  the  next  oxidation  pro- 
duct of  glycerol,  although  it  is  not  obtained  from  glycerol. 
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COOH 
i 

Tartronic  acid,  CH(OH),  or  C3H406.    It  is  obtained  from  nitrotartaric 
COOH 

acid  (p.  136)  and  is  a  dibasic  acid  forming  large  colorless  crystals.  It 
fuses  at  150°,  decomposing  into  carbonic  acid,  water,  and  glycolide : 

CO  \ 
C2H202,  i  >0. 
CH2/ 

We  may  consider  mesoxalic  acid  as  the  last  oxidation  product  of  gly- 
cerol : 

COOH 

Mesoxalic  acid,  C(OH)2,  or  C3H405,  is  obtained  by  treating  dibrom- 
COOH 

malonic  acid,  COOH~CBr2~COOH,  with  silver  oxide.  It  crystallizes  in 
colorless,  deliquescent  prisms  containing  water  of  crystallization.  It  is 
dibasic  and  very  unstable,  oxidizing  easily  to  oxalic  and  carbonic  acids  : 

COOH 

i  COOH     „  n 

*,0H)"  +  0  =  i00H  +  H'°- 
COOH 

A  reaction  of  glycerol  with  phosphorus  di -iodide  has  just 
been  noticed,  by  which  allyl  iodide,  CH3=CH~CH2I,  or  03H5I, 
is  produced.  If  the  iodine  in  this  iodide  is  replaced  by  hy- 
droxyl  (which  can  be  effected  by  the  well-known  method  of 
converting  the  iodide  into  an  ester  and  then  decomposing 
it  by  an  alkali),  the  representative  of  a  new  class  of  alcohols 
is  obtained.  They  contain  a  pair  of  doubly  bound  carbon 
atoms,  and  hence  have  two  atoms  of  hydrogen  less  than  the 
ordinary  alcohols.  They  behave  with  the  various  reagents  in 
the  same  manner  as  the  ordinary  alcohols,  suffer  the  same 
substitutions,  etc.  In  the  presence  of  nascent  hydrogen  they 
take  up  two  molecules  of  hydrogen.  They  also  combine  with 
halogens,  viz.: 

C3H5OH  +  Br2  =  CH8Br"CHBr-OH8OH. 

This  class  of  compounds  is  called  unsaturated.  Those  be- 
longing to  the  C3  series  are  the  more  important,  and  are  de- 
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rived  from  propylene,  CH2=CH"CH3.  They  bear  the  name 
allyl,  heeause  some  of  them  occur  in  members  of  the  allium 
family. 

Allyl  Iodide,  CH2=CH~CH3I,  or  C3H5I,  is  obtained  by  the 
action  of  phosphorus  di-iodide  on  glycerol.  It  is  a  colorless 
liquid  with  the  odor  of  leeks.    It  boils  at  101°. 

"When  treated  with  chlorine  or  bromine,  iodine  separates,  and  allyl  tri- 
chloride, C3H5C13  (trichlorhydrin),  or  allyl  tribromide,  C3H5Br3  (tribrom- 
hydrin),  are  formed.  The  latter  gives  with  potassium  cyanide  allyl  tri- 
cyanide,  C3H5(CN)3,  which  when  boiled  with  potassium  hydroxide  affords 
tricarballylic  acid,  C3H5  (COOH)3.  By  digestion  with  a  silver  salt  (the 
oxalate  is  usually  employed)  silver  iodide  and  allyl  oxalic  ester  are  formed. 
The  latter  is  decomposed  by  ammonia  into  allyl  alcohol  and  oxamide  : 

CO(OC,H,)  CO.NH.) 
CO(OC3H5)  CO(NH2) 

Allyl  Alcohol,  CH8=CH_CH8OH,  or  C3H60.  Allyl  alcohol 
is  isomeric  with  both  propyl  aldehyde  and  acetone.  It  is  found 
among  the  products  of  the  dry  distillation  of  wood.  It  can 
be  made,  as  just  shown,  from  allyl  iodide,  or  by  heating  gly- 
cerol with  oxalic  acid  at  200° . 

In  this  case  the  formic  ester  of  glycerol  is  formed,  which  at  200°  breaks 
into  carbonic  acid  and  allyl  alcohol,  water  being  eliminated  : 

C3H6(OH),-0-CHO  =  C3H&OH  +  C02  +  H.O. 

Allyl  alcohol  is  a  colorless  liquid  with  a  peculiar  and  pene- 
trating odor.  It  boils  at  97°,  is  combustible,  and  miscible 
with  water.  It  dissolves  sodium  with  evolution  of  hydrogen, 
forming  sodium  alloxide,  03H501\a,  which  with  allyl  iodide 
gives  the  allyl  ether,  C3H5~0~C3H5. 

Allyl  ether  is  a  liquid  boiling  at  82°,  and  not  miscible  with  water. 

Oxidizing  agents  convert  allyl  alcohol  into  the  correspond- 
ing aldehyde  (acroleine)  and  acid  (acrylic  acid).  The  oxida- 
tion of  the  alcohol  is  a  method  but  poorly  suited  for  the 
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production  of  acroleine  or  acrylic  acid,  since  the  greater  part 
of  the  allyl  alcohol  is  completely  decomposed,  breaking  into 
acetic  and  formic  (carbonic)  acids. 

Acroleine,  Acrole,  CH3=CH"CHO,  or  C3H40.  Acroleine  is 
made  by  heating  glycerol  to  which  glacial  phosphoric  acid  or 
primary  potassium  sulphate  has  been  added  for  the  purpose  of 
promoting  the  reaction.  The  glycerol  loses  two  molecules  of 
water  : 

C,H8Os  =  C3H40  +  2H20. 

It  is  a  liquid  boiling  at  52°.  Its  odor  is  extremely  unpleas- 
ant and  attacks  the  mucous  membranes  very  strongly.  In 
water  it  is  difficultly  soluble,  swimming  like  a  layer  of  oil  upon 
its  surface.  It  changes  gradually,  when  kept  in  closed  vessels, 
into  a  polymeric  body  called  disacryl,  a  white,  flocculent  sub- 
stance, the  molecular  weight  of  which  is  not  known.  It  unites 
directly  with  chlorhydric  acid,  forming  a  body  known  as  acro- 
leine hydrochloride,  but  which  is  really  CH3~CHCl-CHO. 
With  sodium  amalgam  it  does  not  form  allyl  alcohol,  but 
propyl  alcohol  : 

CH3=CH_CHO  +  2H2  =  CH3-CH3-CH2OII. 

As  acroleine  is  an  aldehyde,  it  gives  all  the  characteristic 
reactions  of  aldehydes,  taking  up  oxygen  very  easily  and  pass- 
ing into  the  corresponding  acid.  By  boiling  it  with  a  silver 
salt  a  silver  mirror  is  obtained,  and  also  the  silver  salt  of 

Acrylic  Acid,  CH3=CH"COOH,  or  C3H403.  Acrylic  acid 
is  obtained  in  the  free  state  by  decomposing  its  silver  salt 
with  hydrogen  sulphide.  It  is  a  liquid  boiling  at  about  140°, 
with  a  piercing  acid  odor.  It  is  a  monobasic  acid.  Its  salts 
are  mostly  crystalline.  On  oxidation,  it  breaks  into  acetic 
acid  and  formic  or  carbonic  acids.  Sodium  amalgam  reduces 
it  to  propionic  acid  : 

C3H402  +  H2  —  C3H602. 
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It  unites  easily  with  bromine,  forming  dibrompropionic 
acid,  and  with  iodohydric  acid  to  mono-iodopropionic  acid. 

By  distilling  allyl  iodide  with  potassium  cyanide  we  obtain 

Allyl  cyanide,  C3H5~CN.   It  occurs  in  commercial  mustard-oil,  and  is 

a  colorless  liquid  boiling  at  118°.    With  potassium  hydroxide  it  evolves 

ammonia  and  passes  into  crotonic  acid  : 


It  is  therefore  called  crotonic  nitrite. 
By  digesting  allyl  iodide  with  silver  cyanide  we  obtain 
Allyl  isocyanide,  C3H5~NC,  which  is  a  liquid  with  an  offensive  odor, 
boiling  at  106°.    Acids  decompose  it  into  formic  acid  and  allyl-amine  : 


Allyl  Mustard- Oil,  Mustard-Oil  par  excellence,  Allyl  Thio- 
carhyl-amine,  C3H5~N=CS.  Mustard-oil  does  not  exist  ready 
formed  in  nature,  but  is  produced  by  a  peculiar  fermentation 
when  the  seeds  of  the  black  mustard  are  moistened  with 
water. 

After  removing  the  oil  from  the  black  mustard  seeds  by  pressing,  they 
are  moistened  with  water  and  allowed  to  remain  moist  several  days,  after 
which  they  are  distilled  with  water.  The  mustard-oil  can  also  be  pro- 
duced from  allyl  iodide  and  potassium  sulphocyanate. 

Mustard-oil  is  a  colorless  liquid  boiling  at  148°.  It  has  a 
piercing  odor  which  causes  weeping.  In  water  it  is  insoluble. 
It  produces  blisters  on  the  skin. 

Ammonia  converts  it  into  allylsulpho-urea,  or  thiosinamine, 


By  beating  with  lead  oxide  and  water  it  yields  di-allylurea,  or  sinapoline, 


Allyl  sulphocyanate,  C3H5~SCN,  is  formed  by  the  action  of  \  otassium 


C3H5_CN  +  KHO  +  H20  =  C3H5"COOK  +  NH: 


C3H5NC  +  2  H20  =  C3H6NH2  +  CH202. 
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sulphocyanate  on  allyl  iodide  in  the  cold.  It  is  a  liquid  with  a  peculiar 
odor,  which  on  distillation  is  converted  into  mustard-oil. 

C  H  \ 

Allyl  Sulphide,  Garlic  Oil,  c3jj5^/S,  is  contained  in  the 

bulbs  of  the  garlic  {allium  sativum),  and  is  obtained  by  dis- 
tilling them  with  water.  It  can  also  be  produced  from  allyl 
iodide  and  potassium  sulphide,  K2S  : 

2  C3H5I  +  K2S  =  (C3H5)2S  +  2  KI. 

It  is  a  colorless  liquid  with  the  odor  of  garlic.  It  boils  at 
140°  and  forms  crystalline  compounds  with  several  metallic 
salts,  as  mercuric  chloride. 


We  shall  only  mention  a  few  of  the  remaining  compounds  of  the  pro- 
pane series,  since  their  formation  and  their  more  important  properties 
can  be  deduced  from  the  corresponding  compounds  of  the  ethane  series. 

Propylamine,  CH3~CH2~CH2(NH2),  boiling  at  50°. 

Isopropylamine,  CH3~CH(NH2)~CH3)  boils  at  32°. 

Both  are  alkaline  liquids  with  ammoniacal  odors.  They  form  well- 
characterized  salts  with  acids. 

Amidopropionic  acid,  alanine,  CH3-CH(NH2)""COOH,  is  obtained  by 
boiling  aldehyde-ammonia  and  cyanhydric  acid  with  chlorhydrie  acid  : 

CH3-CH(NH2)(OH)  +  HCN  +  H20  =  CH3-CH(NH2)-COOH  +  NH3. 

Alanine  crystallizes  in  rhombic  prisms,  which  on  heating  decompose 
into  ethylamine  and  carbonic  acid  : 

C3H,NOa  =  C2H,N  +  C02. 


Uric  acid  and  its  derivatives  properly  belong  to  the  C3  group,  as  they 
do  not  contain  more  than  three  carbon  atoms  bound  to  each  other,  but  a 
clearer  understanding  of  this  complicated  class  can  be  obtained  by  con- 
sidering them  later  on  as  a  class  by  themselves. 


C4  GKOUP. 


Butane  Compounds. 

Ix  the  butane  group  there  are  of  course  a  greater  number 
and  variety  of  isomers  than  in  the  preceding  groups.  The 
base  of  the  series  itself,  Butane,  exists  in  two  modifications, 
depending  upon  whether  an  Hof  a  CH3  or  a  CH8,  of  propane, 

CH3-CIVCH3, 
is  substituted  by  a  CH3.    We  have,  therefore  : 
CH3"CH2"CH3-CH3,  Butane, 
and  CH3~CH~CH3,  Isobutane. 

CH3 

It  is  also  evident  that  the  result  of  a  substitution  of  an  H 
in  the  butanes  by  an  element,  or  atomic  complex,  will  depend 
on  whether  the  substitution  takes  place  in  a  CH3  or  a  CH2 
of  propane,  or  a  CH3  or  a  CH  in  the  isopropane.  We  see 
hence  that  in  case  of  a  monosubstitution  of  the  butanes 
there  are  four  isomers.  The  number  of  isomers  increases 
rapidly  when  several  hydrogen  atoms  are  substituted. 

We  have  not  space  to  note  all  the  possible  substitutions  of  this  series, 
many  of  which  have  not  yet  actually  been  obtained,  and  must  be  con- 
tent, therefore,  to  consider  only  the  more  important  ones. 

1)  Normal  butyl  chloride,  CHrCHrCHrCHoCl,  or  CH9C1,  is  ob- 
tained from  the  corresponding  alcohol  by  the  action  of  gaseous  chlorhy- 
dric  acid  gas.    It  boils  at  78°. 

2)  Pseudobutyl  chloride,  or  secondary  butyl  chloride, 
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CH3-CH2-CHCrCH3,  or  C4H0C1. 

It  boils  at  66°. 

/CH3 

3)  Isohutyl  chloride,  CH(-CH3    ,  or  C4H9C1.    It  boils  at  69°. 

\CH2C1 
/CH3 

4)  Tertiary  butyl  chloride,  CC1^-CHS,  or  C4HaCl.    It  boils  at  50-51°. 

\CH3 

All  four  of  them  are  colorless  liquids  with  pleasant  odors. 

1)  Normal  butyl  iodide,  CH3~CH2~CH2-CH2I,  obtained  like  the  chlo- 
ride.  Boils  at  130°. 

2)  Secondary  butyl  iodide,  CH3-CH2~CHI~CH3,  boils  at  about  80°. 

/CH3 

3)  Isohutyl  iodide,  CH^-CH3  ,  boils  at  121°. 

\CH2I 

/CH3 

4)  Tertiary  butyl  iodide,  CI^CH3,  boils  at  99°. 

\CH3 

1)  Normal  butyl  alcohol,  propyl  carhinol,  CH3_CH2~CH2~CH2OH, 
C4H.jOH,  or  C4H10O.  It  is  obtained  from  the  corresponding  butyric 
acid  by  the  method  described  under  propyl  alcohol. 

Calcium  butyrate  is  mixed  with  calcium  formate  and  submitted  to 
dry  distillation.  The  butyraldehyde  is  separated  from  the  distillate  and 
transformed  into  butyl  alcohol  by  the  action  of  nascent  hydrogen. 

It  can  also  be  produced  from  glycerol  by  a  peculiar  fermentation. 

It  is  a  colorless  liquid  with  an  odor  partly  like  alcohol  and  partly  like 
fusel  oil.  It  boils  at  116°,  and  is  soluble  in  water,  although  not  miscible 
with  it  in  all  proportions.  Its  properties  are  analogous  to  those  of  the 
preceding  alcohols.  On  oxidation,  it  passes  into  butyraldehyde  and  nor- 
mal butyric  acid. 

2)  Secondary  butyl  alcohol,  ethyl-methyl-carbinol, 

CH3-CH2-CH(OH)-CH3,     C4H9OH,  C4HI0O. 

It  is  formed  from  erythrol  by  the  action  of  iodohydric  acid,  by  a  re- 
action analogous  to  the  formation  of  isopropyl  alcohol  from  glycerol 
(compare  p.  120) : 

C4H,„04  +  7 HI  =  C4H.I  +  4 H20  +  6  I. 
Erythrol  Sec.  butyl 

iodide 

C4HJ     +  KOH  =  C4H9OH  +  KI. 
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It  is  also  made  indirectly.    Dichlorether,  CH2CrCHCrO~C2H6,  is 
converted,  by  treatment  with  zinc  ethyl,  into  ethylmonochlorether, 

CHacrcH(CaH.5ro-c8Hs. 

This  compound  is  then  transformed  into  butyl  iodide  and  ethyl  iodide  by 
treating  with  iodohydric  acid  : 

CH2CrCH(C2H5)-0-C,H5  +  4  HI  =  ch3-chi-c2h5  +  C2HJ 
+  HC1  +  H20  +  I2. 

The  butyl  iodide  is  then  converted  into  the  alcohol  by  the  action  of  moist 
silver  oxide  : 

2  CaHs-CHI-CH,  +  AgaO  +  HaO  =  2  C2HrCH(OH)-CH3  +  2  Agl. 

The  formula  C2H5"CHI"CH3  is  CH3~CH2~CHI~CH3,  or  secondary 
butyl  iodide,  and  the  alcohol  obtained  from  it  is  hence 
CH3_CH2-CH(OH)-CH3. 

Secondary  butyl  alcohol  is  a  colorless  liquid  with  a  pleasant  odor.  It 
boils  at  98°.  It  is  soluble  in  water,  but  not  miscible  with  it.  It  loses  the 
elements  of  water  easily  and  passes  into  butylene,  CH-rCH-CH-CHs. 
By  oxidation  it  is  transformed  into  the  ketone : 

CH3-CH2-CO-CH3)  or  CO<(^~CH3, 

methyl-ethyl  ketone.  By  further  oxidation  it  breaks  into  two  molecules 
of  acetic  acid. 

3)  Isobutyl  Alcohol,  Isopropyl  CarUnol, 
/CH3 

CH^CH,     ,  C4H9OH,  C4H10O, 
\CH3OH 

is  formed  in  small  amounts  in  the  alcoholic  fermentation  of 
sugar,  and  hence  occurs  in  crude  spirits. 

In  the  rectification  of  crude  spirits,  it  goes  over,  after  the  ethyl  alcohol 
has  been  distilled,  with  the  fusel  oil,  from  which  it  is  separated  by  frac- 
tional distillation. 

It  is  a  liquid  which  boils  at  107°,  and  is  soluble  in,  but  not 
miscible  with  water.  Its  odor  resembles  that  of  fusel  oil.  By 
oxidation  it  is  converted  first  into  isobutyraldehyde  and  then 
into  isobutyric  acid. 
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4)  Tertiary  butyl  alcohol,  trimethyl  carbinol, 
/CH3 

C(OH)^-CH3,  C4H0OH,  C4HI0O. 

\CH3 

It  is  made  from  acetyl  chloride  and  zinc  methyl. 

By  allowing  the  mixture  to  stand  some  time  at  a  gentle  heat,  a  com- 
pound of  one  molecule  of  acetyl  chloride  with  two  molecules  of  zinc  methyl 
separates  in  crystals.  Water  decomposes  this  compound  into  tertiary 
butyl  alcohol,  zinc  hydroxide,  and  methane  : 

2  |~CH3-COCl+  2  cl!^Znl  +  6  H20  =  2  CH3"C(OH)^5 


<j±i3/  — 
LAcetyl  chloride   Zinc  methyl  _ 


,CH3 
Tertiary  butyl  alcohol 


+  4  CH4  +  3  Zn(HO)2  +  ZnCl2. 

The  alcohol  is  an  oily  liquid  solidifying  at  the  ordinary  temperature 
in  crystals.    It  boils  at  82°,  and  has  a  characteristic  camphor-like  odor. 

It  breaks  easily  into  pseudobutylene,  CH2=C<^^3,  and  water.  On  ox- 
idation it  yields  chiefly  acetic  and  propionic  acids  besides  carbonic  acid, 
i.e.,  oxidized  formic  acid. 

"We  have  now  become  familiar  with  three  kinds  of  alcohols. 
The  first  are  the  proper,  normal,  or  primary  alcohols.  They 
are  characterized  by  containing  the  group  CH2OH,  and  give 
on  oxidation  an  aldehyde  and  an  acid.  As  the  OH  replaces 
an  H  of  the  group  CH3,  there  remain  two  H's  which  can  be 
oxidized.  To  this  class  all  the  normal  alcohols  and  also  the 
isobutyl  alcohol  belong.  The  second  group  of  alcohols  is 
called  secondary.  They  are  characterized  by  the  group 
CHOH.  The  hydroxyl  replaces  an  H  in  a  CH2,  thus  leaving 
only  one  oxidizable  H.  On  oxidation  they  do  not  give  an 
aldehyde  and  an  acid,  but  yield  a  ketone,  which  by  continued 
oxidation  breaks  into  two  acids  of  lower  carbon  content,  the 
molecule  breaking  at  the  carbon  atom  which  binds  the 
hydroxyl : 

CH3-CH3-CH(OH)-CH3  yields  acetic  acid. 

Secondary  butyl  alcohol 

Isopropyl  alcohol  and  the  secondary  butyl  alcohol  belong 
9 
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to  this  class.  They  lose  the  elements  of  water  easily,  yielding 
a  hydrocarbon  of  the  formula  C,iH2,1,  e.g.: 

CH3-CH3-CH(OH)-CH3  =  CH3-CH=CH-CH3  +  H30. 

The  third  class  of  alcohols,  which  are  known  as  the  tertiary, 
is  characterized  by  the  group  C~OH,  formed  by  the  replace- 
ment of  an  H  in  the  group  CH.  The  hydroxylated  carbon 
does  not  bind  any  oxidizable  hydrogen,  and  by  oxidation  they 
break  at  once  into  acids  of  lower  carbon  content : 


/CH3 

C(OH)(— CH3  yields  acetic  and  formic  acids. 
\CH3 

The  tertiary  alcohols  have  also  the  tendency  to  drop  out  the 
elements  of  water  and  pass  into  hydrocarbons  of  the  formula 
CnH2n,  e.g.: 

CH3-C(OH)"CH3=CH3-C=CH2  +  H20. 


CH, 


CH. 


The  most  convenient  method  of  naming  the  alcohols  is  to 
consider  them  as  derivatives  of  methyl  alcohol,  or  carbinol, 
viz.  : 


H-^C .  OH 
H/ 

CH3  .  OH 

Carbinol 
Methyl  alcohol 


OH 


CH3x 
CH3^C 

H  / 
C3H7 .  OH 

Isopropyl  alcohol 
Dimethyl  carbinol 


CH, 
H' 
H 


;C.  OH 


C2H5  .  OH 

Ethyl  alcohol 
Methyl  carbinol 


;C.  OH 


C3H^ 

H 

H  / 
C4H9.OH 

Butyl  alcohol 
Propyl  carbinol 


C2H, 
H 
H 


C.  OH 


C3H,  .  OH 

Propyl  alcnhol 
Ethyl  carbinol 


,C.  OH 


CH3- 
H  V 

C  H9 .  OH, 

Sec.  butyl  alcohol 
Methylethyl  carbinol 


etc. 


The  other  bonds  of  the  hydroxylated  carbon  atom  must,  of  course,  be 
satisfied  by  hydrocarbon  rests  : 
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~CH2~OH  binds  one  carbon  atom,  by  one  bond; 

=CH~OH  binds  two  carbon  atoms,  each  by  one  bond  ; 

EC~OH  binds  three  carbon  atoms,  each  by  one  bond. 

Certain  of  the  isomeric  alcohols  can  be  transformed  into  each  other. 
The  primary  pass  into  the  secondary,  and  these  into  the  tertiary.  In 
some  cases  a  primary  alcohol  can  be  transformed  into  another  isomeric 
primary  alcohol. 

Among  the  four  butyl  alcohols  described,  there  are  only  two  which 
yield  aldehydes.  The  normal  butyl  alcohol  gives  the  normal  butyraldehyde, 
CH3-CH2-CHrCHO,  or  C4HbO,  a  liquid  with  an  aldehyde-like  odor, 


boiling  at  75°.   Isobutyl  alcohol  yields  isobutyr aldehyde,  CH3"CH< 


which  boils  at  61°  and  resembles  the  other  aldehyde.  From  the  second- 
ary butyl  alcohol  a  ketone  is  derived,  methyl-ethyl  ketone  (p.  128),  a  liquid 
with  an  ethereal  odor,  which  boils  at  81°.  No  oxidation-derivative  con- 
taining four  carbon  atoms  is  possible  from  the  tertiary  alcohol.  The  two 
aldehydes  give  isomeric  acids  on  further  oxidation,  viz.  :  butyric  acid 
and  isobutyric  acid. 

Butyric  Acid,  CH3~CH3~CH3~COOH,  or  C4H802.  Butyric 
acid  occurs  with  other  acids  as  a  glycerol  ester  (butyrin)  in 
butter.  It  exists  also  in  the  perspiration,  in  the  liquid  of  the 
muscles,  and  in  the  carob  bean.  It  is  formed  by  the  lactic 
fermentation  of  sugar,  and  is  hence  found  in  Sauerkraut,  sour 
pickles,  etc.  By  the  oxidation  of  the  normal  butyl  alcohol  it 
is  also  formed. 

It  is  obtained  by  the  fermentation  of  sugar.  Sugar  is  mixed  with 
chalk,  putrid  cheese  and  water,  and  allowed  to  stand  several  weeks  at 
30-85°.  The  calcium  lactate,  which  is  at  first  formed,  by  continued 
fermentation  evolves  carbonic  acid  and  water,  and  passes  into  calcium 
butyrate : 


Butyric  acid  is  a  colorless,  strongly  acid  liquid,  with  an  odor 
resembling  that  of  acetic  acid.  It  boils  at  163.5°.  When  it 
contains  a  trace  of  ammonia,  it  has  an  offensive  odor  of  per- 
spiration. It  is  miscible  in  water,  but  is  separated  on  dissolv- 
ing salts  therein.    Its  salts  are  crystalline.    It  forms  with 


Lactic  acid    Butyric  acid 


2  G:,H6Oa  =  C4H.02  +  2  C02  +  2  H20. 
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acetates  double  salts,  which  consist  of  one  molecule  of  butyric 
acid  combined  with  one  molecule  of  acetate. 

Isobutyric  Acid,  CH3"CH<^q^h,  or  C4H802.  Isobutyric 

acid  is  formed  by  the  oxidation  of  isobutyl  alcohol.  It  is 
also  obtained  by  boiling  isopropyl  cyanide  with  potassium 
hydroxide  : 

CH3-CH<^^  +KHO  +  H30  =  CH3_CH<^°°K 
+  NH3. 

Its  properties  resemble  those  of  butyric  acid.  It  boils  at 
154°.  Its  lime  and  lead  salts  differ  from  the  corresponding 
ones  of  butyric  acid.  Calcium  butyrate,  (C3H7COO)2Ca,  is 
more  easily  soluble  in  cold  water  than  in  hot,  while  calcium 
isobutyrate  is  more  easily  soluble  in  hot  than  in  cold  water. 
Plumbic  butyrate,  (03H7C02)2Pb,  is  crystalline,  while  plumbic 
isobutyrate  solidifies  to  a  resinous  amorphous  mass. 

There  are  six  possible  glycols  derivable  from  the  two  butanes  : 

1)  CH2(OH)  2)  CH2(OH)  3)  CH2(OH)  4)  CH3 

CH2                    CH(OH)  CH2  CH(OH) 

CH2                    CH2  CH(OH)  CH(OH) 

CH2(OH)              CH3  CH3  CH3 

/CH2(OH)  /CH2(OH) 
5)  CHf  CH2(OH)  6)  C(OH)^CH3. 

\CH3  \CH3 

Of  these  six,  there  are  four  known. 

Of  the  five  possible  butylglycollic  acids,  or  hydroxybutyric  acids,  three 
are  known,  viz.:    a- Hydroxy  butyric  acid,  CH3~CH2-CH(OH)~COOH, 
(i-hydroxybutric  acid,  CH3~CH(OH)~CH2~COOH,  acetonic  acid, 
/COOH  pxr  v 

C(OH)^-CH3    ,  and  Hydroxyisobutyric  acid,  Qg^C(OH)-COOH. 


Both  of  the  possible  dicarboxylic  acids  of  the  C4  group  are 
known: 
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COOH 

CH2  /COOH 

i    2  and  CHeCOOH 
CH8  \Ch3 

COOH 

The  former  is  succinic  acid,  the  latter  isosuccinic  acid. 

Succinic  Acid,  COOH"CH2"CH2-COOH,  or  C4H604.  This 
acid  exists  in  amber,  in  many  plants,  and  in  the  animal  or- 
ganism. 

It  is  formed  in  small  amounts  in  the  alcoholic  fermentation  of  sugar, 
and  also  by  the  reduction  of  malic  acid  (p.  134)  and  tartaric  acids  by  iodo- 
hydric  acids  : 

C4H605  +  2  HI  =  C4H604  + 11,0  +  I2 
Malic  acid 

C4H606  +  4  HI  =  C4H604  +  2  H20  +  2  Ia. 
Tartaric  acid 

It  can  also  be  produced  from  ethylene  cyanide,  C2H4(CN)2  : 

CHa~CN  CH2-CO0H 
i  +  4H20  =  i  +2NH3 

CHo~CN  CH2-COOH^ 

It  is  generally  made  by  the  distillation  of  amber. 

Succinic  acid  crystallizes  in  monoclinic  prisms,  which  fuse 
at  180°  and  boil  at  235°,  with  partial  formation  of  the  anhy- 
dride. It  is  soluble  in  water  and  hot  alcohol.  Its  vapors 
are  irritating,  causing  coughing.  It  is  a  dibasic  acid,  forming 
two  series  of  salts.  The  succinates  of  the  alkaline  metals  are 
easily  soluble  in  water,  while  those  of  the  other  metals  are 
difficultly  soluble,  or  altogether  insoluble. 

CH2-COCi 

With  phosphorus  pentachloride  it  gives  succinyl  chloride,  ^  -COci' 

an  oily  liquid  boiling  at  190°,  which  fumes  in  the  air  and  is  decomposed 
by  water,  and  with  ammonia  yields  succinamide. 
CH2-CO(NH2) 

Succinamide,  ■  „  ,  crystallizes  in  white  needles,  which  are 

CH,-CO(NH2)  3 
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easily  soluble  in  water.    On  heating,  ammonia  splits  out,  forming  succini- 
CH,-CO 


mide,    i     _      /NH,  which  crystallizes  in  colorless  needles,  containing 
LHj  CO/ 

one  molecule  of  H20.    It  fuses  at  125°,  and  boils  at  287°. 

Bromine  reacts  with  succinic  acid,  replacing  hydrogen.  Ifonobromsucci- 
nicacid,  C.H3Br(CO..H).>,  crystallizes  in  warty  concretions.  Dibromsucci- 
nic  acid,  CJH.JBr2(COaH).i)  is  also  a  crystalline  body. 

By  repeated  distillations,  succinic  acid  is  converted  into 
CH  ~CO\ 

Succinic  Anhydride,  i    2         >0,  which  forms  colorless  crys- 
J         CH3~CO/  J 

tals  fusing  at  120°  and  boiling  at  250°.    On  boiling  with 

water  it  passes  back  into  the  acid  : 

CH rCCK         n  ^     CH  "COOH 
.    2        >0  +  H20  —  i 
CH2-CO/         2  CH2"COOH 

Succinic  acid  is  converted  into  normal  butyric  acid  by 
reduction  : 

CH2"COOH  CH3_CH3  rt 

.    2  +3H2  =  i    2       3     +  2  Ho0. 

CH3_COOH^      '     CH2"COOH^  2 

Isosuccinic  acid,  methylmalonic  acid,  CH3"CH<^qqq^,  or  C\Ha04. 
This  acid  is  produced  from  cyanpropionic  acid  : 

CH3-ClT<^g0H  1210  =  CHs-CH<^ggg  +  NH8. 

It  forms  crystals  which  fuse  at  130°,  and  are  more  easily  soluble  in 
water  than  ordinary  succinic  acid.  At  150°  it  falls  into  propionic  and 
carbonic  acids. 

The  hydrogen  in  both  the  CH2 -groups  of  succinic  acid  can 
be  replaced  by  hydroxyls,  thus  yielding  a  series  of  dicarboxylic 
acids  containing  more  oxygen  than  succinic  acid. 

CH(OH)-COOH 
Malic  Acid,  ■      -^^^.^      •    This  acid  occurs  in  many 
Cxi3  OOOri 
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sour  fruits,  as  apples,  gooseberries,  mountain-ash  berries,  etc. 
It  can  be  made  from  succinic  acid  by  boiling  bromsuccinic 
acid  with  silver  oxide,  and  from  tartaric  acid  by  heating  with 
iodohydric  acid.  It  is  usually  obtained  from  the  berries  of  the 
mountain  ash. 

It  is  a  difficultly  crystallizablc,  solid  mass,  which  is  deli- 
quescent, easily  soluble  in  water  and  alcohol,  fuses  at  100°,  and 
decomposes  at  a  higher  temperature.  It  is  dibasic,  and  forms 
two  series  of  salts.  It  stands  in  the  same  relation  to  succinic 
acid  as  glycollic  acid  does  to  acetic  acid.  Iodohydric  acid  con- 
verts it  into  succinic  acid.  When  digested  with  potassium 
chromate,  carbonic  acid  is  eliminated,  and  it  passes  into  ma- 
Ionic  acid  : 

CH(OHrCOOH  COOH 

i  +  O,  =  i  +  CO,  +  H20. 

CH3"COOH  2     CH3"COOH  r      2  ^  2 

It  suffers  a  peculiar  fermentation  in  contact  with  yeast, 
yielding  succinic,  acetic,  and  butyric  acids. 

The  malic  acid  occurring  in  nature  polarizes  to  the  left,  while  that 
made  from  succinic  acid  is  optically  inactive.  These  physical  differences 
appear  even  more  sharply  denned  in  the  case  of  tartaric  acid. 

One  of  the  amido-derivatives  of  malic  acid  is  worthy  of  atten- 

CH2"CO(NH2) 
tion,  viz.,  Asparaqine,  i  or  CdHoN20o. 

r   v    ch^hj-cooh'  4823 

It  occurs  in  asparagus,  liquorice,  and  in  the  germs  of  many 
plants,  and  crystallizes  in  transparent  prisms  containing  one 
molecule  of  water.  It  is  soluble  in  water,  and  combines  with 
both  acids  and  bases.  In  contact  with  putrid  cheese,  it  is 
reduced  to  succinic  acid.  Nitrous  acid  converts  it  into  malic 
acid : 

CH3-CO(NH2)  CH3"COOH 
CH(NH3)-COOH  +    2  3  ~  CH(OH)"COOH 
+  H„0  +  2No. 
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By  boiling  with  acids  or  alkalis,  the  amido-group  is  replaced  by  the 
hydroxyl-group,  forming  aspartic,  or  amidosuccinic  acid : 

CH4-CO(NHa)  CH2"C0(0H) 

i  -f-  H20  =  i  +  NH3. 

CH(NH,)-COOH  CH(NH„)~COOH 

Both  asparagine  and  aspartic  acid  are  optically  active. 
From  the  isobromsuccinic  acid,  isomalic  acid,  CH3~C(OH)<^qq2jj, 
has  been  obtained  by  the  action  of  silver  oxide. 

CH(OH)"COOH 
Tartaric  Acid,  i  ,  or  C,HBOfi. 

'  CH(OH)_COOH        4    6  6 

Tartaric  acid  occurs  in  many  fruits,  particularly  in  grapes. 

It  is  formed  by  the  oxidation  of  milk-sugar,  and  by  boiling 

dibromsuccinic  acid  with  silver  oxide. 

Young  wine  on  standing  deposits  a  thick  crust  on  the  sides  of  the 
casks,  which  consists  of  the  acid  tartrates  of  potassium  and  calcium. 
Both  of  the  salts  were  originally  in  solution  in  the  must;  but,  as  the  wine 
becomes  richer  in  alcohol,  the  salts  which  are  insoluble  in  alcohol  are 
precipitated.  This  deposit  is  called  crude  argol,  and  is  the  material  from 
which  tartaric  acid  is  made. 

Tartaric  acid  crystallizes  in  monoclinic  prisms,  easily  soluble 
in  alcohol  and  water.  It  forms  two  series  of  salts.  It  tastes 
strongly  acid.  When  heated  in  the  air,  it  gives  an  odor  of 
burnt  sugar. 

It  fuses  at  135°,  forming,  on  cooling,  a  gummy  mass,  meiatartaric 
acid.  The  salts  of  this  acid  are  converted  into  salts  of  ordinary  tartaric 
acid  by  boiling  with  water.  On  heating  tartaric  acid  to  150°,  water  is 
eliminated,  and  ditartaric  acid,  ChH,oOu,  an  amorphous  deliquescent  mass 
is  formed.  On  further  heating  to  180°  more  water  is  eliminated,  and 
tartrelic  acid,  or  tartaric  anhydride,  CHHBOio,  is  produced.  On  being  sub- 
mitted to  dry  distillation,  it  yields  a  large  number  of  products,  of  which 
we  shall  only  mention  pyroracemic  acid,  C3H4O3,  and  pyrotartaric  acid, 
CsH.,04.  With  nitric  acid  it  forms  a  nitric  ester,  called  nitrotartaric  acid, 
CH(ON02)-COOH 

CH(ONO  )~COOH'  decomposes  on  evaporation  of  its  aqueous  solu- 

tion into  carbonic  acid,  nitrous  anhydride,  and  tartronic  acid,  C3H4Os 
(P-  121). 
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Tartaric  acid  on  being  heated  with  iodohydric  acid  is  reduced  to  succinic 
acid  : 

C4H606  +  2  HI  =  C4H60i  +  H20  +  h 
C,H606  +  4  HI  =  C4H604  +  2  H20  +  2  I2. 

The  most  important  tartrates  are  : 

Hydrogen  Potassium-  Tartrate,  Argol,  Cream  of  Tartar, 
C4H5K06.  It  is  difficultly  soluble  in  cold  water.  Its  forma- 
tion is  a  characteristic  test  for  tartaric  acid. 

Hydrogen  Ammonium  Tartrate,  C4H5(NH4)06,  is  also  diffi- 
cultly soluble  in  cold  water.    The  neutral  salt  is  easily  soluble. 

Potassium  Tartrate,  C4H4K206,  forms  crystals  easily  sol- 
uble in  water.  It  is  changed  into  the  acid  salt  by  boiling  with 
water. 

Potassium  Sodium  Tartrate,  Rochelle  Salts,  C4H4KNa06 
4H30.  This  salt  is  formed  by  saturating  bitartrate  of 
potash  with  sodium  carbonate.  It  forms  large  transparent 
rhombic  columns,  which  are  easily  soluble  in  water. 

Calcium  Tartrate,  C4H4Ca04  -f-  4H20,  is  almost  insoluble 
in  cold  water.  It  is  soluble  in  cold  potassium  hydroxide  solu- 
tion, and  is  precipitated  by  boiling.  This  behavior  of  the 
calcium  salt  is  characteristic  of  tartaric  acid,  and  is  used  to 
detect  its  presence. 

Potassium  Antimony  Basic  Tartrate,  Potassium  Antimonyl 
Tartrate,  Tartar  Emetic,  C4H4(SbO)K04  +  \  H20.  It  is 
obtained  by  boiling  potassium  bitartrate  with  antimony  oxide. 
Colorless  rhombohedrons  and  octahedrons,  which  are  quite 
soluble  in  cold  water,  and  cause  nausea.  It  loses  a  molecule  of 
water  at  200°,  yielding  the  compound  C4H2KSb06. 

In  this  salt,  C4H4K(SbO)06,  one  of  the  hydrogen  atoms  of  the  carboxyl 
is  replaced  by  K,  the  other  by  the  group  SbO,  antimonyl. 

There  are  four  physically  different  modifications  of  tartaric 
acid,  the  chemical  properties  of  which,  however,  are  identical. 

1)  Inactive  Tartaric  Acid,  which  has  no  effect  on  the  ray  of 
polarized  light. 
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The  tartaric  acid  obtained  from  dibromsuccinie  acid  belongs  under  this 
head.  It  is  also  formed  by  the  oxidation  of  sorbine,  and  together  with 
racemic  acid  by  heating  ordinary  tartaric  acid  to  165°.  On  heating  with 
water  to  175°,  it  is  partly  converted  into  racemic  acid.  It  is  easily  soluble 
in  water.    Its  acid  potassium  salt  is  also  easily  soluble. 

2)  Racemic  Acid,  which  does  not  act  on  the  polarized  ray, 
hut  can  be  converted  into  optically  active  acids.  If  ammo- 
nium sodium  racemate  is  allowed  to  crystallize,  two  sets  of 
crystals  are  formed  which  are  exactly  the  same,  except  that 
one  is  the  reflected  image  of  the  other,  the  hemihedral  faces 
being  developed  on  opposite  sides  of  the  crystals.  By  separat- 
ing these  crystals  and  converting  them  into  the  free  acid,  we 
find  that  one  kind  gives  the 

3)  Dextrotartaric  Acid,  which  turns  the  polarized  ray  to  the 
right,  and  the  other  the 

4)  Levotartaric  Acid,  which  turns  the  ray  of  polarized  light 
the  same  number  of  degrees  to  the  left. 

The  ordinary  tartaric  acid  is  the  dextrotartaric  acid.  Some- 
times racemic  acid  in  the  form  of  its  potassium  and  calcium 
salts  is  also  found  in  argol. 

Racemic  acid  is  formed  by  the  oxidation  of  mannite,  dulcite,  and 
mucic  acid.  Also  by  the  action  of  cyanhydric  acid  and  chlorhydric  acid 
on  glyoxal.  An  addition-product  of  glyoxal  with  cyanhydric  acid  is 
formed,  which  is  decomposed  by  the  chlorhydric  acid  : 

CHO-CHO  +  2  HON  =  CN-CH(OH)-CH(OH)-CN, 
CN-CH(OH)-CH(OH)-CN  +  4  H20  =  CO,H-CHOH-CHOH-C02H 
+  2NH3. 

It  is  also  formed,  together  with  inactive  tartaric  acid,  by  heating  dextro- 
tartaric acid  with  water  at  175°.  It  crystallizes  in  long,  rhombic,  efflores- 
cent crystals.    Its  salts  differ  but  little  from  those  of  dextrotartaric  acid. 

A  trihydric  alcohol,  or  butylic  glycerol,  is  not  known.  A  tetrahydric 
alcohol,  which  is  the  richest  alcohol  in  oxygen  in  this  series,  is,  however, 
known. 


Erythrol,  Erythrite, 


CH(OH)-CHs(OH) 
CH(OH)-CH2(OH)' 


or  C4H10O 


4> 
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occurs  in  nature.  It  is  obtained  from  erythrin,  a  constituent  of 
certain  lichens.  It  forms  large,  transparent  crystals,  with  a 
sweet  taste,  which  fuse  at  120°,  and  are  easily  soluble  in 
water.  With  nitric  acid  it  give  a  nitric  ester,  C4H6(ON02)4, 
analogous  to  nitroglycerol,  and  which  is  violently  explosive. 

Iodohydric  acid  converts  it  into  secondary  butyl  iodide  (as  glycerol  into 


which  stands  to  it  in  the  same  relation  as  glyceric  acid  to  glycerol. 

Although  tartaric  acid  has  not  been  produced  from  erythrol,  it  may 
be  regarded  as  the  dicarboxylic  acid  of  it,  and  thus  stands  in  the  same  rela- 
tion to  it  as  oxalic  acid  to  glycol. 

There  are  several  oxygen  derivatives  of  the  d-group  which  are  un- 
saturated compounds,  and  which  stand  in  the  same  relation  to  the  corre- 
sponding butyl  compounds  as  do  the  allyl  compounds  to  the  propyl 
derivatives. 

Crotonaldehyde,  C4H60,  is  produced  by  the  condensation  of  ethyl  al- 
dehyde.   Its  constitution  is  CH3"CH=CH-CHO. 

CH3-CHO  +  CH3-CHO  =  CH3_CH=CH-CHO  +  H,0. 

It  is  a  liquid  with  a  piercing  odor,  boiling  at  105°.  By  oxidation  it  is 
converted  into  crotonic  acid,  CH3"CH=CH"COOH,  which  fuses  at  72° 
and  boils  at  184°.  This  acid  can  also  be  obtained  from  allyl  cyanide  and 
potassium  hydroxide. 

Besides  the  solid  crotonic  acid,  there  is  the  isocrotonie  acid, 


a  liquid  which  boils  at  172°,  and  which  during  distillation  is  partly  de- 
composed into  solid  crotonic  acid  and  methacrylic  acid, 


which  boils  at  160"  and  solidifies  at  16°. 

If  malic  acid  is  heated  to  15CT,  water  is  eliminated  and  it  is  converted 
into 


isopropyl  iodide).    It  can  be  oxidized  to  erythric  acid,  1 


CH(OH)-COOH 
CH(OH)-CH2(OH)' 


cH2=cn-CHrcoon, 


CH-COOH 


,  or  CH4O4. 


Fumaric  acid,  n 


CH-COOH 
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CH(OH)-COOH  _  CH  "COOH 
CHrCOOH       _  CETCOOH 


-f-H20. 


Fumaric  acid  occurs  in  many  plants,  as  Iceland  moss,  fumaria  offici- 
nalis, etc.  It  crystallizes  in  small  needles,  which  are  difficultly  soluble  in 
cold  water,  easily  in  alcohol.  It  volatilizes  at  200°,  and  is  converted  into 
the  isomeric  maleic  acid. 


water.  It  is  converted  back  into  fumaric  acid  when  heated  for  some 
time  at  130°.  Both  of  these  acids  give  succinic  acid  by  reduction.  They 
are  both  characterized  by  the  small  amount  of  hydrogen  they  contain. 

The  constitution  of  this  acid  was  formerly  supposed  to  be 


certain  of  its  reactions.  The  existence  of  a  di-valent  or 
unsaturated  carbon  atom  in  the  molecule,  has,  however,  not 
yet  been  established  with  certainty. 

Of  the  remaining  compounds  of  this  group  we  shall  mention 
only: 


Butylamine,  CH3-CH8-CH8-CHg(NH8),  or  C4H9(NH8), 
which  boils  at  75°,  and 


It  fuses  at  130°,  and  is  easily  soluble  in 


first  formula  better  represents 


C6  GROUP. 


Pentane  Compounds. 

The  saturated  hydrocarbon  C5H12,  which  forms  the  base 
of  the  Pentane  or  Amyl  series,  exists  in  three  isomeric  modi- 
fications : 

CH3  CH2  CH2  CH2  CH3, 
CH3-CH3-CH^3j 

CH3 

and  CH3-C"CH3. 

CH3 

The  number  of  isomeric  substitutions  in  this  series  is  hence 
much  greater  than  in  the  preceding  ones.  Only  a  few  of 
them  are  known,  and  the  constitution  of  many  of  these  has 
not  been  determined  with  certainty. 

There  are  eight  possible  alcohols,  of  which  seven  are  known ; 
three  of  them  are  primary,  three  secondary,  and  one  tertiary. 

1)  Normal  amyl  alcohol,  butyl-carbinol, 

CH3-CH2-CH2-CH2-CHs(OH),  or  C5HlsO, 

is  made  from  normal  valerianic  acid.  It  is  a  colorless  liquid  with  a 
suffocating  odor.  It  boils  at  137°.  This  alcohol  yields  a  chloride,  C6Hn01, 
which  boils  at  107°,  a  bromide  (b.  p.  129°),  and  an  iodide  (b.  p.  155°). 

On  oxidation,  it  is  converted  into  normal  valeraldehyde  and  normal 
valerianic  acid. 
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2)  Ordinary  Amyl  Alcohol,  Isobutyl-Carbinol, 

g^^OH'OH.'CH^OH),  or  OsH120. 

This  alcohol  is  the  chief  constituent  of  fusel  oil.  It  is  formed 
during  the  alcoholic  fermentation  of  sugar,  and  is  separated 
from  the  crude  spirit  by  distillation.  It  is  a  colorless  liquid 
boiling  at  131.4°.  Its  odor  is  disagreeable  and  causes  cough- 
ing. The  chloride  produced  from  it,  C5 HltCl,  boils  at  99°, 
the  iodide  at  147°. 

Nearly  all  derivatives  have  been  produced  from  this  alcohol  which 
have  been  obtained  from  ethyl  alcohol.  We  shall  omit  the  description  of 
them,  since  their  chief  properties  will  appear  on  comparison  with  the  cor- 
responding compounds  of  the  ethane  series. 

By  oxidation  it  is  converted  into  valeraldehyde  and  valeri- 
anic acid,  the  properties  of  which  are  of  course  different  from 
those  of  the  normal  aldehyde  and  acid. 

3)  Secondary  butyl-carbinol.  Fusel  oil  contains  a  second  amyl  alcohol 
which  differs  from  the  preceding  chiefly  in  its  polarizing  to  the  left.  It 

has  the  constitution,  CH3~CHrCH/£§3jOH,  and  boils  at  127°. 

4)  Isopropylmethyl-carbinol,  CH3_CH(OH)-CH^^,  orC5H120,  is  a 

secondary  alcohol. 

It  is  formed  by  the  reduction  of  isopropylmethyl-ketone,  and  is  a  liquid 
difficultly  soluble  in  water,  boiling  at  113°. 

5)  Propylmethyl-carbinol,  CH3-CH.rCHrCH(OH)_Cn3,  or  C6H120, 
boils  at  119°. 

6)  Diethyl-carbinol,  C,H5"CH(OH)-C2H5,  or  C5H120,  boils  at  117°. 

7)  Ethyldimethyl-carbinol,  amylene  hydrate,  CH3"CH.2~C(OH)~CH3, 

CH3 

or  C5H]  20,  boils  at  103°.    This  alcohol  yields  only  acetic  acid  on  oxidation. 
The  following  aldehydes  are  known  : 

1)  Normal  Valeraldehyde,  CH3(CH2)3"CHO,  or  C5Hl0O, 
boiling  at  102°,  and 
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2)  Ordinary  Valer aldehyde,  (CH3)2CH"CH2~CHO,  or 
C5H10O,  boiling  at  92°. 

Both  of  these  aldehydes  are  liquids  possessing  the  charac- 
teristic suffocating  odor  of  ordinary  aldehyde. 

Three  of  the  four  possible  acids  are  known. 


1)  Normal  Valerianic  Acid,  CH3"CH„"CH2"CH2"COOH, 
orC6H10O2. 


This  acid  is  produced  by  boiling  butyl  cyanide  with  al- 
coholic potassium  hydroxide.  It  is  somewhat  soluble  in 
water,  boils  at  185°,  and  has  an  odor  resembling  butyric  acid. 
The  properties  of  both  the  acid  and  its  salts  differ  from  those 
of  the  following  acids  and  salts. 

2)  Ordinary  Valerianic  Acid, 


This  acid  occurs  in  the  root  of  the  valerian,  and,  together 
with  butyric  acid,  in  putrid  cheese.  It  is  made  either  from 
the  valerian  root,  or  by  oxidation  of  ordinary  amyl  alcohol. 
It  is  a  liquid  boiling  at  175°,  and  is  lighter  than  water.  Its 
odor  resembles  that  of  putrid  cheese.  The  hydrated  acid  con- 
tains one  molecule  of  water  and  boils  at  about  165°.  It  forms 
crystalline  salts. 

The  more  important  salts  of  valerianic  acid  are  the  following  : 

Bismuth  valerianate,  Bi(OH)>Cf,H902  (a  basic  salt  constituted  analo- 
gously to  the  basic  bismuth  nitrate).  It  is  a  white  powder  insoluble  in 
water,  and  has  the  odor  of  valerianic  acid. 

Zinc  valerianate,  Zn(C5Ha02),,  is  made  by  dissolving  zinc  carbonate 
in  valerianic  acid.  It  forms  white  crystals  difficultly  soluble  in  cold 
water.    They  have  a  sweet  taste  and  an  odor  of  valerianic  acid. 

3)  Methyl-ethyl-acetic  acid.  The  secondary  butylcarbinol  gives  an  acid 
on  oxidation  which  differs  from  the  above  valerianic  acid  in  polarizing 

PFT  \ 

strongly  to  the  right.  Its  constitution  is  probably  q  £  ^CH~COOH, 
methylethylacetic  acid. 
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CH3\ 

4)  Tri-methyl-acetic  acid,  CH3^C~COOH,  or  C5H10O2,  is  obtained  by 

CH3/ 

digestion  of  tertiary  butyl  iodide  with  potassium  cyanide,  and  decomposi- 
tion of  the  cyanide,  which  is  formed,  by  potassium  hydroxide  : 

CH3-CI-CH3  +  KCN  =  CH3-C(CN)-CH3  +  KI 
1  1 
CH3  CH3 

CH3-C(CN)-CH3  -f  KHO  +  H20  =  CH3-C(COOK)-CH3  +  NH3. 
1  1 
CH3  CH3 

It  is  a  solid  mass  fusing  at  34°  and  boiling  at  161°. 

There  are  a  number  of  glycols  and  glycollic  acids  known  in  this  series. 
Three  dicarboxylic  acids  of  the  formula,  C5H004,  have  been  obtained: 

1)  Glutaric  acid,  C02H-CH2-CH2_CH2-C02H,  is  formed  by  the 
decomposition  of  the  normal  propylene  cyanide  : 

cn-ch2-ch2-Ch2~cn. 

It  forms  large,  easily  soluble  crystals  which  fuse  at  97°. 

2)  Pyrolartaric  acid,  CHrCH^^i^jj,  is  produced  by  the  de- 
composition of  the  ordinary  propylene  cyanide,  CH3~CH(CN)~CH2(CN), 
and  also  by  the  dry  distillation  of  tartaric  acid.  It  forms  small  trans- 
parent crystals  fusing  at  112°. 

<POH 
coh2'  *s  ot)tame(^  by tne  ^is_ 

filiation  of  cyanbutyric  acid.  It  fuses  at  112°,  and  at  160°  breaks  into 
carbonic  and  butyric  acids. 


Among  the  unsaturated  compounds  of  this  series  are  : 

Angelic  acid,  C5H802,  which  occurs  in  the  angelica-root.  It  crystal- 
lizes in  limpid  columns  which  fuse  at  45°  and  boil  at  190°.  It  is  but 
slightly  soluble  in  cold  water. 

Methylcrotonic,  or  tiglic  acid,  C5ELO2,  occurs  in  croton-oil  and  in 
Roman  camomile-oil .  It  crystallizes  in  prisms  or  tablets,  fusing  at  64° 
and  boiling  at  198°. 

Allylacetic  acid,  C5HB02,  is  a  liquid  boiling  at  182°. 


C6  GROUP. 


Hexane  Compounds. 

The  compounds  of  the  C6  group  are  still  less  completely 
known,  and  their  constitutions  are  but  little  understood. 

This  series  contains  a  class  of  compounds  of  the  highest  importance  in 
the  processes  of  life.  They  are  called  the  carbhydrates,  since  nearly  all 
of  them  contain  hydrogen  and  oxygen  in  the  proportions  necessary  to 
form  water. 

The  normal  hexyl  alcohol  exists  as  a  butyric  ester  in  the  seeds  of  the 
Heracleum  giganteum.  It  boils  at  158°.  A  secondary  hexyl  alcohol  is 
obtained  by  the  action  of  silver  oxide  on  the  iodide  produced  by  treating 
mannite  with  iodohydric  acid.  It  boils  at  137°.  A  series  of  tertiary 
hexyl  alcohols,  viz.,  diraethylpropyl-carbinol  (b.  p.  115°),  dimethyliso- 
propyl-carbinol  (b.  p.  113c),  diethylmethyl-carbinol  (b.  p.  120°),  have  been 
produced  by  the  action  of  zinc  methyl  on  butyryl  chloride,  isobutyryl 
chloride,  and  zinc  ethyl  on  ethyl  chloride.  (Compare  the  production  of 
trimethylcarlinol,  p.  129.) 

The  most  important  monobasic  acid  of  the  series  is  : 
Capronic  Acid,  C6H1202,  which  occurs  in  butter  and  other 
fats.    It  boils  at  205°  and  is  difficultly  soluble  in  water. 

Leucic  Acid,  C6H1203,  a  glycollic  acid,  is  also  worthy  of 
notice.  Its  amido-acid,  which  stands  in  the  same  relation  to 
it  as  glycocoll  to  ethylglycollic  acid,  is  called  Leucin : 

C6H13N02  =  C5H10(NH2)COOH. 

Leucin  occurs  in  the  pancreas,  saliva,  etc.,  and  is  a  decom- 
position-product of  albuminous  bodies.    It  forms  white  leaflets, 
fusing  at  170°,  soluble  in  water.    On  fusion  with  potassium 
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hydroxide,  it  evolves  hydrogen  and  ammonia,  forming  potas- 
sium carbonate  and  valerianate  : 

CgHj  3N02  +  3  KHO  =  K2C03  +  C5H9K02  +  NH3  +  2  H2. 

One  of  the  most  important  acids  of  this  series  is 
Citric  Acid,  C6H807.  It  is  a  tricarboxylic  acid,  and  hence 
tribasic.  It  occurs  in  lemons  and  other  acid  fruits,  and  is 
obtained  from  the  juice  of  lemons.  It  forms  large,  limpid 
crystals,  containing  one  molecule  of  water,  soluble  in  four  parts 
of  water  and  in  alcohol.  In  moist  air  it  is  deliquescent.  Its 
aqueous  solution  on  standing  decomposes  with  the  formation 
of  mould. 

It  is  produced  synthetically  from  dichloracetone,  CH2C1~C0~CH2C1, 
which  on  treatment  with  cyanhydric  and  chlorhydric  acids  is  converted 
into  dichloracetonic  acid,  CH2C1~C(0H)~CH2C1  (vide  p.  132),  which  is 

COOH 

transformed  into  dicyanacetonic  acid  by  means  of  potassium  cyanide, 
CN_CH.rC(OH)_CH2  "CN. 
COOH 

By  decomposing  this  acid  with  chlorhydric  acid,  citric  acid, 
C02H-CH2-C(OH)-CH2-C02H, 
C02H 

is  obtained. 

On  heating  above  150°,  it  gives  up  water,  leaving  aconitic  acid  (f.  p. 
140°),  which  on  further  heating  evolves  carbonic  acid,  yielding  two  iso- 
meric acids,  viz.,  citraconic  acid,  C5H604,  deliquescent,  rhombic  octahe- 
drons fusing  at  80°,  and  itaconic  acid,  C5H604,  large  rhombic  prisms 
fusing  at  160°.  These  two  dicarbox .  lie  acids,  which  belong  to  the  C5 
series,  can  be  converted  one  into  the  other.  Citric  acid  yields,  on  treat- 
ment with  dilute  nitric  acid,  mesaconic  acid,  C5H60.|,  which  forms  thin 
prisms  fusing  at  200°.  By  treating  itaconic  acid  with  chlorhydric  acid 
and  decomposing  the  addition-product  with  water,  a  fourth  isomeric  acid, 
fusing  at  70°,  paraconic  acid,  CoHcO.,,  can  be  obtained. 

Citric  acid  being  a  tribasic  acid  yields  three  series  of  salts. 
The  salts  of  the  alkalis  are  easily  soluble  in  water.    Those  of 
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the  other  metals,  particularly  neutral  salts,  are  difficultly 
soluble.    The  following  are  the  more  important : 

Calcium  citrate,  Cas^eHsO,);.,  is  a  white,  crystalline  powder  difficultly 
soluble  in  cold  water.  It  is  entirely  insoluble  in  hot  water,  and  hence  is 
precipitated  from  its  cold  saturated  solution  on  boiling.  This  is  a  char- 
acteristic test  for  citric  acid. 

Magnesium  citrate,  Mg3(C6H507)2,  is  obtained  by  neutralizing  citric 
acid  with  magnesium  carbonate.  It  is  a  crystalline  mass,  slowly  but 
largely  soluble  in  water. 

Ferric  citrate,  Fe2(C6H507)2,  is  produced  by  dissolving  ferric  hydroxide 
in  citric  acid.  It  forms  a  brownish-red  mass  easily  soluble  in  water.  It 
unites  with  ammonium  citrate  to  a  double  salt,  which  is  also  a  reddish- 
brown,  amorphous  mass  easily  soluble  in  water. 

The  following  hexahydric  hexyl  alcohol  is  of  importance. 

Mannite,  C6H1406,  is  largely  diffused  throughout  the  vege- 
table kingdom.  It  exists  in  large  amounts  in  manna,  the  dried 
sap  of  the  manna-ash  {Frazinus  ornus).  It  stands  in  inti- 
mate relation  to  the  sugars,  and  can  be  obtained  from  them 
by  reduction : 

C6H1206  +  H2  =  C6H1406. 

It  crystallizes  in  prisms  or  needles  which  fuse  at  166°,  lose 
water  at  200°,  and  on  stronger  heating  decompose  entirely. 
In  contact  with  cheese  and  chalk,  it  decomposes  by  standing  at 
40°  into  alcohol,  hydrogen  and  lactic,  butyric  and  carbonic 
acids. 

It  unites  with  acids  to  esters.  On  digestion  with  iodohy- 
dric  acid  it  gives  secondary  hexyl  iodide  : 

C6H1406  +  11  HI  =         3I+6H20  +  5  I2. 

It  yields  a  nitric  ester  with  nitric  acid,  Nitromannite, 
CCH8(0N02)6,  which  crystallizes  in  needles,  fuses  at  108°, 
and  explodes  at  120°.  On  oxidation  it  passes  into  mannitic 
acid,  C6H1207,  and  saccharic  acid,  C6H10O8. 


148 


C„  GROUP. — HEXANE  COMPOUNDS. 


Dulcite,  CsHmOg,  is  also  a  hexahydric  alcohol,  and  is  isomeric  with 
mannite.  It  forms  large  crystals.  Its  reactions  are  similar  to  those  of 
mannite.  It  fuses  at  188°  and  is  decomposed  at  a  higher  temperature. 
With  nitric  acid  it  yields  nitrodulcile,  CsH8(N02)6.  Oxidation  converts 
it  into  mueic  acid,  C6H,0Oo. 

Saccharic  and  Mucic  Acids,  C6H10O8,  are  formed  by  the 
oxidation  of  many  sugars  and  gums.  Saccharic  acid  does  not 
crystallize  and  is  deliquescent.  Mucic  acid  is  crystalline  and 
almost  insoluble  in  water.    They  are  both  diabasic  acids. 

Following  mannite  are  two  sugar-like  substances  containing 
one  molecule  of  water  less,  viz.,  Quercite  and  Pinite,  CeHj  205. 
Both  are  crystalline  and  decompose  on'  heating.  Quercite 
occurs  in  acorns,  pinite  in  the  resins  of  the  Pinus  lamMrtiana 
(California). 

The  carbhydrates  will  be  considered  later  on  as  a  class  by  themselves. 


The  higher  carbon  groups  contain  but  a  few  members ;  we 
shall  take  them  up  without  classification  by  groups.  Their 
constitution  is  mostly  unknown. 

Normal  Heptyl  Alcohol,  (Enanthylic  Alcohol,  C7H160,  is 
made  from  cenanthaldehyde.    It  boils  at  1?7°. 

(Enanthaldehyde,  (Enanthole,  C7H140,  is  produced  by  the 
dry  distillation  of  castor-oil.    It  boils  at  154°. 

(Enanthylic  Ac'd,  C,H1402,  is  formed  by  the  oxidation  of 
castor-oil.    It  is  almost  insoluble  in  water  and  boils  at  223°. 

Secondary  Oclyl  Alcohol,  Capryl  Alcohol,  C8H180,  is  made 
from  castor-oil.    Is  an  oil  boiling  at  181°. 

Caprylic  Acid,  C8H1602,  occurs  with  capronic  acid.  It 
crystallizes  under  15°,  boils  at  234°,  and  is  almost  insoluble  in 
water. 

Pelargonic  Acid,  C9H1802,  occurs  in  geranium-oil.  It 
fuses  at  12°,  is  almost  insoluble  in  water,  and  boils  at  254°. 
Capric  Acid,  C10H20O2,  occurs  with  capronic  and  caprylic 
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acids.  It  is  a  crystalline  mass,  having  the  odor  of  perspiration. 
It  fuses  at  30°  and  boils  at  270°. 

There  are  several  other  acids  of  high  carbon  content  which 
occur  in  fats  and  oils.  The  fats  and  oils  are,  almost  without 
exception,  mixtures  of  neutral  glycerol  esters  of  certain  mono- 
basic acids  of  high  carbon  content.  The  acids  are  obtained 
from  these  esters,  or  Glycerides,  by  saponification,  i.e.,  by  de- 
composing them  with  an  alkali.  The  alkali  unites  with  the 
acid,  while  the  glycerol  is  set  free.  They  can  also  be  decom- 
posed by  superheated  steam.  The  following  acids  have  been 
isolated : 

Laurie  Acid,  C12H2402,  obtained  from  the  fat  of  various 
bay-trees.    It  fuses  at  44°. 

Myristic  Acid,  C14H2802,  obtained  from  nutmeg-butter. 
It  crystallizes  in  needles  fusing  at  54°. 

Palmitic  Acid,  C16H3202,  Stearic  Acitl,  C1 8H3  602,  and  Oleic 
Acid,  C18H3402,  in  the  form  of  glycerides,  constitute  the 
majority  of  fats.  Palmitic  acid  fuses  at  62°,  stearic  acid  at 
69°,  while  oleic  acid  is  a  liquid  at  ordinary  temperatures.  It 
solidifies  at  4°  and  fuses  at  14°.  Nitrous  anhydride  solidifies 
it,  converting  it  into  an  isomeric  modification  which  fuses  at 
44°,  and  is  known  as  ela'idic.  acid. 

After  the  three  acids  have  been  freed  from  the  glycerol,  they  are  sepa- 
rated in  the  following  manner:  The  oleic  acid  is  obtained  by  strong  press- 
ure. The  palmitic  acid  is  separated  from  the  stearic  acid  by  repeated 
crystallizations,  or  fractional  precipitation.  The  fractional  precipitation 
is  effected  by  converting  the  acids  into  their  potassium  salts  and  precipi- 
tating with  an  insufficient  amount  of  chlorhydric  acid.  The  fat  acids, 
which  are  partially  precipitated,  are  again  converted  into  their  potassium 
salts,  and  again  partially  precipitated.  This  operation  is  repeated  until 
the  precipitated  acids  show  a  constant  fusing  point.  By  this  method  of 
partial  precipitation  stearic  acid  is  obtained  first. 

Stearine  candles  are  a  mixture  of  palmitic  and  stearic  acids. 
In  the  cavities  of  the  skulls  of  certain  whales  a  fat  occurs 
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called  Spermaceti.  This  substance  is  not  a  glyceride,  but  the 
palmitic  ester  of  a  monohydric  alcohol,  Cetyl  Alcohol,C1 6H3  40, 
which  fuses  at  55°.  Among  the  waxes  there  are  also  esters 
of  monohydric  alcohols.  Chinese  tvax,  for  instance,  con- 
sists chiefly  of  the  ester  of  Ceryl  Alcohol,  C37H560,  with 
Cerotic  Acid,  C2,H5402,  and  is  hence  ceryl  cerotic  ester, 
C37H55(C27H5302).  Beeswax  consists  chiefly  of  the  pal- 
mitic ester  of  Myricyl  Alcohol,  C30H62O. 

Linolelc  acid,  Ci6H2602,  which  occurs  as  a  glyceride  in  many  drying 
oils,  as  linseed,  poppy,  hemp,  nut,  etc.,  is  similar  to  oleic  acid,  but  is  not 
altered  by  nitrous  anhydride.  Ricinolelc  acid,  which  occurs  as  a  glycer- 
ide in  castor-oil,  is  an  oil  solidifying  at  0".  It  is  converted  by  nitrous 
anhydride  into  ricinelaldic  acid,  fusing  at  5CP,  and  by  dry  distillation  is 
decomposed  into  oenanthol  and  cenanthylic  acid. 


Fats. 

The  fats  occurring  in  nature  are,  as  we  have  already  seen,  mostly 
mixtures  of  the  glycerides  of  palmitic  acid,  C16H3202,  stearic  acid, 
Ci8H3602,  and  oleic  acid,  Ci6H3402.  They  are  largely  distributed  in  the 
animal  and  vegetable  kingdoms.  In  animals  they  are  generally  found 
under  the  skin,  around  the  intestines,  and  on  the  muscles.  In  plants 
they  exist  in  the  seeds.  In  the  pure  state  they  are  colorless  and  without 
odor  or  taste.  Usually,  however,  they  possess  both  odor  and  taste,  owing 
to  a  slight  decomposition  which  has  taken  place,  and  are  also  colored  yel- 
low from  the  presence  of  a  small  amount  of  impurity. 

At  ordinary  temperatures  the  fats  are  either  liquid  or  solid,  a  condition 
which  is  caused  by  the  different  relations  existing  between  the  amounts 
of  glycerol  oleic  ester  (oleln)  and  the  glycerol  esters,  of  palmitic  and  stearic 
acids  (palmitin  and  stearin)  in  them.  The  solid  fats,  according  to  their 
consistence,  are  known  as  tallow,  butter,  lard,  etc.,  while  the  liquid  fats 
are  called  oils.    All  solid  fats  fuse  under  100°. 

The  fats  are  insoluble  in  water,  difficultly  soluble  in  cold  alcohol,  and 
easily  soluble  in  ether.  They  form  a  spot  on  paper  and  wood  which  does 
not  vanish,  and  which  is  called  a  "  grease- spot."  They  can  be  distilled 
without  change  at  about  300°,  but  are  completely  decomposed  at  a  higher 
temperature,  breaking  into  numerous  hydrocarbons  and  various  acids, 
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among  which  is  carbonic  acid,  and  producing  many  other  substances,  a 
number  of  which  possess  extremely  disagreeable  odors,  e.g.,  acrol.  Tho 
fats  are  all  specifically  lighter  than  water,  and  hence  float  on  its  surface. 

The  fats  are  decomposed  by  the  alkalis  and  alkaline  earths  into 
glycerol  and  the  fat  acids,  the  latter  uniting  with  the  alkalis,  or  alkaline 
earths  to  form  salts.  The  fatty  acid  salts  of  the  alkalis  (potassium  and 
sodium),  are  called  soaps.  The  fats  are  also  decomposed  by  oxides  of 
zinc  and  lead,  the  metallic  salts  thus  obtained  being  known  as  plasters. 

The  fats  generally  suffer  a  change  when  exposed  to  the  air.  Some  of 
them,  even  when  chemically  pure,  turn  gradually  into  a  transparent  solid 
mass.  They  are  then  said  to  "dry"  {drying  oils).  In  doing  this  they 
take  up  oxygen  and  pass  into  a  higher  state  of  oxidation.  The  drying  oils 
always  contain,  besides  the  ordinary  glycerides,  the  glycerol  esters  of 
unsaturated  acids  of  higher  carbon  content,  which  usually  contain  less 
hydrogen  in  relation  to  the  carbon  than  oleic  acid.  These  unsaturated 
glycerides  take  up  oxygen  from  the  air  and  become  solid. 

Some  of  the  fats,  on  the  other  hand,  keep  without  change  when  pure. 
As  they  generally  contain  foreign  impurities,  however,  particularly  albu- 
minous matters,  etc.,  they  suffer,  after  a  time,  a  kind  of  fermentation  by 
which  the  fat  acids  are  set  free,  and  thus  impart  their  odor  and  taste  to 
the  fats,  causing  them  to  become  ' '  rancid. "  The  drying  oils  are  prevented 
from  drying  by  these  impurities.  Concentrated  sulphuric  acid  does  not 
act  on  the  fats,  but  quickly  destroys  the  albuminous  matters.  To  free 
the  fats  from  their  accompanying  impurities,  they  are  therefore  shaken 
with  3-4$  of  concentrated  sulphuric  acid.  The  albuminous  matters  are 
carbonized,  and,  sinking  to  the  bottom,  can  easily  be  removed.  This  opera- 
tion is  termed  "  refining."  Burning  oils  made  from  fats  must  be  puri- 
fied in  this  manner,  else  the  impurities  will  carbonize  in  the  wick  and  stop 
it  up. 

The  principal  animal  fats  are  human  fat,  beef  tallow,  mutton  tallow, 
and  lard.    They  all  consist  of  mixtures  of  palmitin,  stearin,  and  olein: 

C3H5(C,(1H310,)3  =  C61H9hOr„  Palmitin, 
C3BU(C1(,H350.,)3  =  C^HnoOr,,  Stearin, 
C3H5(C1BH3302)3  =  CMH1(M0.,  Olein. 

The  molecular  weights  of  the  constituents  of  fat  are  remarkably  high. 

Butter  is  another  important  fat.  It  consists  of  the  glycerides  of  butyric 
acid,  CiHH02,  caproic  acid,  C6H,.,02,  caprylic  acid,  C„H10O.,,  and  capric 
acid,  C10H20O2. 

In  the  vegetable  fats,  olein  is  predominant,  and  they  are  hence  usually 
liquid  at  ordinary  temperatures.    The  principal  ones  are : 
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Olive-oil,  which  occurs  in  the  fleshy  parts  of  the  olive,  and  is  obtained 
by  pressing.    It  solidifies  at  a  few  degrees  under  0°. 

Cocoanut-oil,  obtained  from  the  kernels  of  the  cocoanut.  It  fuses  at 
20°  and  is  solid  at  ordinary  temperatures. 

Palm-oil,  obtained  from  the  Cocus  bulyraeea.    Puses  at'27°. 

Almond-oil,  obtained  by  pressing  almonds.    Solidifies  at  —27°. 

None  of  these  oils  dry.    Among  the  drying  oils  are  : 

Croton-oil,  obtained  from  the  seeds  of  the  Croton  tiglium  by  pressing. 

Castor-oil,  obtained  by  pressing  the  seeds  of  the  Ricinus  communis.  It 
is  a  thick,  colorless  oil  with  a  sharp  taste. 

Linseed-oil,  obtained  from  linseed.  It  is  a  bright-yellow  oil  with  a 
peculiar  taste  and  odor.  It  dries  quickly,  and  hence  finds  a  wide  appli- 
cation in  the  preparation  of  paints  and  varnishes. 

Hemp-oil,  obtained  from  hemp  seed.  This  oil  is  also  used  in  paints  and 
varnishes. 

Poppy-oil,  from  the  seeds  of  the  poppy.  It  is  a  thin,  bright -yellow  oil, 
which  is  chiefly  used  as  food,  although  occasionally  employed  in  varnishes. 
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Carbhydrates. 

The  carbhydrates  comprise  a  class  of  bodies,  all  of  which 
belong  to  the  hexane  series,  and  which,  as  a  rule,  contain 
hydrogen  and  oxygen  in  the  proportions  to  form  water.  They 
are  enormously  distributed  in  the  vegetable  kingdom,  and 
constitute  the  most  important  constituent  of  plant  life.  They 
form  a  group  of  intimately  related  bodies,  which  are  either 
fermentable,  or  can  easily  be  converted  into  fermentable  com- 
pounds. 

The  carbhydrates  are  divided  into  three  groups,  the  first  of 
which  has  the  formula  CeKi206.  The  second  group  may  be 
regarded  as  the  anhydride  of  the  first,  as  it  has  the  formula 
Cj 2H230j j  : 

2C6H2206  —  H20  =  C12K220ll. 

The  third  group  may  likewise  be  considered  as  a  second 
anhydride  of  the  first,  its  formula  being  C6H10O5,  or  a  mul- 
tiple thereof. 

In  the  first  group,  C6H1206,  are  grape-sugar,  fruit-sugar, 
and  lactose.  The  second  group,  C12H220li,  comprises  cane- 
sugar,  milk-sugar,  melitose,  melizitose,  and  trehalose.  The 
members  of  the  third  group,  C6H10O5,  are  dextrine,  gum, 
glycogen,  starch,  cellulose,  tunicine,  and  mucilage. 

But  little  is  known  with  certainty  concerning  the  constitu- 
tion of  these  bodies.  It  is  evident  that  the  number  of  isomers 
in  the  group  is  very  great.  There  are  five  hydrocarbons  of 
the  formula  C6H14,  and  five  hexahydric  alcohols  possible. 
Among  the  latter  are  mannite  and  dulcite,  which  we  have 
already  noticed.  It  is  not  improbable  that  the  compounds  of 
the  formula  C6H1206,  may  be  of  an  aldehyde  nature,  as  for 
instance  : 


CH2(OH)-CH(OH)-CH(OH)-CH(OH)-CH(OH)-CHO 

=  C6H1206, 
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and  that  the  compounds  of  the  type,  C12H22011,  may  be 
formed  by  the  union  of  two  molecules  of  C6H1306,  with 
elimination  of  a  molecule  of  water,  in  the  same  manner  that 
diglycol  is  formed  from  glycol. 

The  carbhydrates  which  are  soluble  in  water  possess  the 
property  of  bending  the  plane  of  polarized  light,  i.e.,  they  are 
optically  active,  a  property  which  we  have  already  had  occa- 
sion to  notice  in  the  case  of  tartaric  acid.  They  are  all  indiffer- 
ent, i.e.,  neither  bases  nor  acids.  On  heating,  they  decompose 
into  a  number  of  substances  of  lower  constitution,  leaving 
carbon.  Oxidizing  agents  convert  them  into  saccharic  and 
mucic  acids,  and  finally  into  oxalic  acid. 

Grape-Sugar,  Glucose,  Dextrose,  C6H1206,  is  always  found 
together  with  fruit-sugar  in  grapes,  figs,  cherries,  and  many 
other  sweet  fruits,  and  also  in  honey.  It  occurs  in  small 
amounts  in  various  animal  secretions,  particularly  in  the  urine 
of  patients  suffering  from  diabetes.  It  is  formed,  together 
with  levulose,  by  boiling  cane-sugar  with  a  dilute  acid,  and  also 
by  the  action  of  saliva,  the  secretions  of  the  pancreas  and  intes- 
tines, diastase  (p.  155),  on  gum,  starch,  cellulose,  and  the 
glucosides  (p.  163). 

The  grape-sugar  is  obtained  at  first  as  a  thick  syrup,  which 
gradually  crystallizes  in  cauliflower-like  masses,  containing  one 
molecule  of  water.  It  crystallizes  from  absolute  alcohol, 
methyl  alcohol,  or  a  concentrated  aqueous  solution  kept  at  a 
summer  temperature,  in  anhydrous  needles.  It  turns  the  plane 
of  polarized  light  to  the  right.  A  fresh  solution  polarizes 
twice  as  strongly  as  one  that  has  stood,  or  has  been  boiled  a 
short  time. 

It  loses  water  when  heated  to  170°,  and  is  converted  into 
glucosan,  C  6  H 1 0  0  5 .  On  stronger  heating,  it  loses  more  water 
and  passes  into  caramel,  a  brown  mixture  of  various  substances 
which  all  contain  hydrogen  and  oxygen  in  the  proportions  of 
water.    By  still  stronger  heating,  it  yields  methane,  carbonic 
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acid,  carbonous  oxide,  acetic  acid,  aldehyde,  acetone,  etc.,  and 
leaves  a  coarsely  porous,  glittering  charcoal. 

Grape-sugar  unites  with  bases,  but  is  often  decomposed 
thereby.  It  also  combines  with  sodium  chloride.  With  acids 
it  forms  a  species  of  esters  [glucosides)  which  behave  like  the 
glycerides. 

Dextrose  is  oxidized  easily  in  the  presence  of  bases.  Cupric 
oxide,  when  in  alkaline  solution,  is  converted  into  cuprous 
oxide  by  it  even  in  the  cold,  a  reaction  which  is  taken  advan- 
tage of  as  a  means  of  detecting  dextrose,  and  also  for  determin- 
ing it  quantitatively  in  many  solutions,  e.g.,  urine,  etc. 

Cupric  sulphate  is  dissolved  in  a  solution  of  sodium  hydroxide  and 
tartaric  acid  added.  This  solution  is  brought  to  boiling,  and  the  liquid 
to  be  tested  is  added  to  it.  If  a  bright  red  precipitate  of  Cu20  is  formed 
in  the  deep  blue  solution,  the  presence  of  dextrose  is  indicated. 

Nitric  acid  oxidizes  dextrose  into  saccharic,  tartaric,  and 
oxalic  acids.    Sodium  amalgam  reduces  it  to  mannite. 

Dextrose  is  easily  decomposed  by  ferments.  Yeast  pro- 
duces the  alcoholic  fermentation,  and  cheese  the  butyric  and 
lactic  fermentations. 

Fermentation.  A  substance  which  is  decaying  often  sets 
up  decompositions  in  other  substances  which  are  not  subject 
to  change  by  themselves.  The  decaying  substance  is  called  a 
ferment,  and  the  substance  decomposed  by  the  ferment  is  said 
to  be  fermentable.  The  nature  of  the  decomposition  of  the 
fermenting  substance  is  determined  by  the  nature  of  the  fer- 
ment. Although  the  ferment  sets  up  the  decomposition,  its 
elements  do  not  enter  into  the  products  of  the  fermentation. 
The  ferment  maybe  an  easily  decomposable  organic  compound, 
or  an  organized  body.  Nearly  all  the  albuminous  substances 
and  the  bodies  closely  related  to  them  have  the  power  of 
creating  fermentation.    Among  them  are 

Diastase,  a  substance  which  is  formed  in  germinating  grains 
from  the  decomposition  of  the  gluten. 
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Synaptase,  or  Emulsin,  which  occurs  in  the  almond  and  is 
very  similar  to  diastase. 

The  soluble  portions  of  the  yeast,  the  saliva,  the  secretion 
of  the  pancreas,  etc. 

There  is  also  a  number  of  organized  ferments,  the  principal 
one  of  which  is 

Yeast,  the  alcoholic  ferment.  Yeast  consists  of  microscopic 
plant  cells  {Mycoderma  cerevisice).  They  are  attached  to  each 
other  in  chains,  and  grow  by  budding.  To  produce  the  fer- 
mentation, it  is  necessary  that  the  yeast  should  be  alive, 
for  the  fermentation  ceases  as  soon  as  the  yeast  dies.  The 
sugars  are  decomposed  by  yeast,  the  principal  products  being 
alcohol  and  carbonic  acid  : 

C6H]206  =  2  C2H60  +  2C02. 

Certain  side-products  are  also  formed,  the  principal  of 
which  are  highly  constituted  alcohols,  as  propyl,  isopropyl, 
isobutyl,  and  amyl  alcohols.  Glycerol  and  succinic  acid  are 
also  produced. 

Among  the  numerous  other  organized  ferments  besides  yeast 
are 

The  Lactic  Ferment,  which  causes  one  molecule  of  sugar  to 
break  into  two  molecules  of  lactic  acid  : 

C6H1206  =  2  C3H603,  " 

and  by  continued  action  converts  the  lactic  acid  into  butyric 
acid  with  evolution  of  hydrogen  : 

2C3H603  =C4H803  +  2  C02  +2H2. 

The  mucous  ferment,  which  breaks  sugar  into  lactic  acid, 
mannite,  and  gum. 

Since  it  appears  that  each  organized  ferment  produces  char- 
acteristic fermentation-products,  it  is  possible  that  the  appear- 
ance of  fusel  oils  in  the  fermentation  of  sugar  may  be  due  to 
the  presence  of  some  other  organism  than  the  yeast. 
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Levulose,  Fruit-Sugar,  C6H120 


CH2(OH) 

CH2(OH)-CH(OH)_C(OH)-CH-(OH)-CHO. 


From  dextrose  it  is  distinguished  by  its  turning  the  plane  of 
polarized  light  to  the  left,  and  by  its  difficulty  in  crystallizing. 
It  exists  with  dextrose  in  honey  and  sweet  fruits,  and  is 
formed  together  with  the  former  by  the  inversion  of  cane- 
sugar.  It  is  a  colorless  syrup,  which  is  soluble  in  all  propor- 
tions in  water  and  alcohol,  and  crystallizes  from  the  latter  in 
fine,  colorless,  silky  needles.  It  is  decomposed  by  ferments, 
and  yields  the  same  products  as  dextrose. 

Lactose,  C6H1206,  is  obtained  by  boiling  milk-sugar  with 
dilute  acids.  It  is  crystalline,  polarizes  to  the  right,  is  easily 
soluble  in  water,  insoluble  in  alcohol,  and  in  its  reactions 
resembles  dextrose. 

Cane-Sngar,  Saccharose,  C12H220jj,  probably  an  ether  of 
dextrose  and  levulose,  viz., 


Cane-sugar  is  found  in  the  juice  of  the  sugar-cane,  the  sugar- 
beet,  sugar-maple,  maize,  sorghum,  and  in  many  other  plants. 

It  is  made  from  the  juice  of  the  sugar-cane  or  beet  by  clearing  with 
lime,  evaporating  the  solution  rapidly,  and  allowing  it  to  crystallize.  A 
crude  sugar  is  thus  obtained  which  is  purified  by  recrystallization 
(refining) 

It  crystallizes  in  limpid,  oblique  prisms,  is  easily  soluble  in 
wrater,  very  difficultly  in  alcohol.  It  polarizes  to  the  right. 
At  160°  it  fuses  to  a  glass,  and  when  heated  for  some  time  at 
170°,  breaks  into  dextrose  and  levulosan. 


CH2(OH)_CH(OH)-CH(OH)_OH(OH)-CH 
CH2(OH)-CH(OH)-C(OH)-CH-CH-0"CH. 

CH2(OH)V 


C12H220M  =C8HlsO6+C,H10O,. 
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At  200°  it  is  converted  into  caramel.  Heated  higher  it 
decomposes  like  dextrose  into  CO,,  CO,  C2H40,  C2H402, 
C3H60,  etc.,  and  leaves  a  coal. 

Cane-sugar  gives,  like  dextrose,  compounds  with  alkaline 
earths  and  alkalis.  Dilute  acids  convert  it  into  a  mixture  of 
dextrose  and  levulose  called  inverted  sugar : 

o19-a„olt  +h2o  =  c6h18o6  +  c6h18o6. 

Concentrated  sulphuric  acid  decomposes  it  completely  with 
carbonization.  Alkaline  cupric  solution  reduces  it  after  long 
boiling,  separating  cuprous  oxide.  After  having  been  some 
time  in  solution,  its  polarizing  power  is  less. 

It  is  converted  into  saccharic  acid  by  gently  heating  with 
nitric  acid  : 

C12H22Otl  +3  02  =  2C6H10O8  +  H2O; 

but  by  boiling,  into  oxalic  acid  : 

C,  2H220,  t+903  =  6  C2H204  +  5  H20. 

It  is  not  directly  fermentable,  and  must  be  converted  into 
inverted  sugar  before  fermentation  can  take  place. 

Milk-Sugar,  Ct  2H220!  t.  It  is  found  in  the  milk  of  mam- 
mals, and  together  with  cane-sugar  in  the  juice  of  the  sapodilla. 
The  milk,  after  being  freed  from  casein  and  fat,  is  evapo- 
rated to  a  syrup,  and  the  milk-sugar  crystallizes  out  in  crusts, 
which  are  purified  by  recrystallization. 

It  forms  hard  rhombic  crystals,  which  have  a  sweet  taste 
and  are  easily  soluble  in  water,  but  insoluble  in  alcohol. 
They  contain  a  molecule  of  water,  which  is  driven  off  at  130°. 
It  polarizes  to  the  right. 

It  is  converted  by  boiling  with  dilute  acids  into  galac- 
tose and  another  sugar  of  the  formula,  C6H1206,  most  proba- 
bly dextrose.  Nitric  acid  oxidizes  it  to  mucic  acidjCgHj 0O8, 
and  on  boiling,  to  oxalic  acid,  C2H204.    Milk-sugar  reduces 
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alkaline  cupric  solutions  like  dextrose,  but  not  until  boiled. 
In  the  milk  it  goes  gradually  into  the  lactic  fermentation, 
owing  to  the  presence  of  the  decomposing  casein,  but  it  can 
also  be  brought  into  the  alcoholic  fermentation. 

The  Tartars  make  from  mares'  milk  an  intoxicating  drink  called 
koumis. 

Melitose,  Ci2H22Ou,  is  the  chief  constituent  of  Australian  manna.  It 
crystallizes  in  fine  needles  with  three  molecules  of  water,  two  of  which  it 
loses  at  100 ',  the  third  at  130°.  It  polarizes  to  the  right,  and  does  not 
reduce  alkaline  cupric  solutions.  It  is  brought  into  fermentation  by- 
yeast,  but  half  of  it  is  transformed  thereby  into  an  unfermentable  body, 
eucnlin,  CeH,206,  which  polarizes  to  the  right  and  reduces  alkaline  cupric 
solutions. 

Melizitose,  C12H420„  +2  H20,  is  contained  in  the  young  shoots  of  the 
larch.  It  polarizes  to  the  right,  is  not  acted  on  by  alkalis,  and  does  not 
reduce  alkaline  cupric  solutions. 

Trehalose,  or  mycose,  C12H220, ,  +  2  H20,  occurs  in  the  trehala,  a  kind 
of  Syrian  manna  which  is  produced  by  an  insect.  It  also  exists  in  the 
ergot  of  rye  and  in  various  fungi.  It  is  easily  soluble  in  water,  polarizes 
to  the  right,  is  not  acted  on  by  alkalis,  does  not  reduce  alkaline  cupric 
solutions,  and  is  converted  by  acids  into  a  fermentable  sugar. 

Starch,  Amylum,  Amidhi,  Fecula,  CGHt  0O5.  Starch  is  very 
widely  distributed  in  the  vegetable  kingdom,  and  particularly 
in  the  seed  of  the  leguminosae,  and  in  chestnuts,  acorns,  grain, 
and  potatoes.  It  consists  of  microscopic .  granules  of  various 
sizes  and  forms,  which  have  in  their  interiors  a  kernel  around 
which  the  mass  is  arranged  in  concentric  layers. 

Starch  is  a  fine  powder  without  taste  or  odor.  It  is  com- 
pletely insoluble  i  n  cold  water.  It  attracts  moisture  from  moist 
air  up  to  5G  per  cent.  In  water  of  72°,  the  starch  granules 
swell  up  and  partly  dissolve,  forming  a  paste  which  polarizes 
to  the  right.  Dilute  acids  change  starch  first  into  a  gummy 
soluble  substance,  dextrine,  and  then  into  dextrose. 

Starch  is  also  converted  into  dextrine  by  heating  to  160°. 
Diastase,  which  occurs  in  germinating  barley,  converts  starch, 
when  diffused  through  warm  water,  into  dextrine  and  maltose. 
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Concentrated  nitric  acid  dissolves  starch,  forming  a  com- 
pound which  is  precipitated  by  water.  It  is  a  nitric  ester  of 
starch,  and  is  called  xyloidin.  Iodine  unites  with  starch, 
forming  an  unstable  compound  which  has  a  very  character- 
istic blue  color.  By  the  formation  of  this  color,  the  slightest 
traces  of  starch  can  be  detected. 

The  most  important  kinds  of  starch  met  with  in  commerce 
are  : 

Maize-starch,  potato-starch,  arrow-root  starch,  and  wheat- 
starch. 

Maltose,  Gi2R%20Xi,  or  C18ri340lv  It  is  formed  by  the 
action  of  diastase  on  starch  at  50-70°,  and  crystallizes  in  fine 
hard  needles  with  one  molecule  of  water.  It  polarizes  strongly 
to  the  right,  reduces  alkaline  cupric  solutions,  and  is  con- 
verted into  dextrose  by  boiling  with  dilute  sulphuric  acid.  It 
can  be  fermented  directly.  Possibly  it  may  be  a  compound 
of  dextrine  with  dextrose,  2  C6H1306  +  C6H10O5. 

Among  the  substances  which  are  closely  allied  to  starch  are 
inulin,  lichenin,  paramylum,  and  glycogen. 

Inulin,  C6HioOs,  is  found  in  the  roots  of  many  plants,  particularly  in 
those  of  Inula  helenium  and  the  bulbs  of  the  valerian.  It  is  insoluble  in 
cold  water,  soluble  in  hot,  but  without  forming  a  paste.  It  polarizes  to 
the  left,  and  is  not  colored  blue  by  iodine.  Dilute  acids  convert  it  into 
levulose. 

Lichenin,  CnH^Oo,  occurs  in  Iceland-moss.  It  is  a  transparent,  brittle 
mass,  soluble  in  hot  water.  It  is  colored  blue  by  iodine,  and  is  converted 
into  dextrose  by  dilute  acids. 

Paramylum,  C6H10O5,  occurs  in  infusoria.  It  is  insoluble  in  water. 
In  hot  water  it  swells  up,  but  does  not  form  a  paste.  It  can  be  converted 
into  sugar. 

Glycogen,  CcH10O5,  is  found  in  the  liver  shortly  after  di- 
gestion. On  the  death  of  the  animal  it  is  converted  with 
great  rapidity  into  dextrose  by  the  ferments  contained  in  the 
liver. 

Glycogen  is  a  white  powder,  dissolving  in  water  to  a  turbid 
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solution.  Dilute  acids  and  ferments  change  it  easily  into 
dextrose.    Iodine  colors  it  wine-red. 

Dextrine,  British  Gum,  C6H10O5.  It  has  already  been 
mentioned  that  starch  by  heating  to  160°,  or  by  continued 
boiling  with  dilute  acids,  or  by  the  action  of  diastase,  is  con- 
verted into  a  gummy  substance  soluble  in  water,  which  polar- 
izes very  strongly  to  the  right.  Dextrine  owes  its  name  to 
the  latter  property.  Dextrine  is  produced  commercially  by 
moistening  starch  with  water  containing  2$  of  nitric  acid, 
drying  in  the  air,  and  heating  to  110°. 

Dextrine  forms  a  colorless  amorphous  mass  which  does  not 
reduce  alkaline  cupric  solutions,  is  not  colored  blue  by  iodine, 
and  yields  oxalic  acid  on  oxidation.  Dilute  sulphuric  acid, 
or  diastase,  converts  it  into  dextrose. 

Gums.  A  large  number  of  resinous  substances  are  included 
under  the  name  of  gums.  With  water  they  swell  up,  or  dis- 
solve, forming  thick,  sticky  masses.  Alcohol  precipitates  them 
from  their  aqueous  solutions.  They  polarize  either  right  or 
left,  according  to  their  derivation.  Gum-arabic  consists  of  the 
calcium  salt  of  arabic  acid,  C,  8Hg.20, 

Cellulose,  Plant-Fiber,  C c H j  0 0 5 .  The  walls  of  plant-cells 
and  the  skeleton  of  plants  consist  of  cellulose.  It  may  be 
obtained  in  the  pure  state  from  cotton  or  linen,  and  is  a  white 
translucent  mass,  insoluble  in  water.  It  is  soluble  in  an  am- 
moniacal  solution  of  basic  cupric  carbonate,  and  is  precipitated 
by  acids,  being  redissolved,  however,  by  an  excess.  It  is  not 
colored  blue  by  iodine.  With  concentrated  sulphuric  acid, 
it  swells  up  and  gradually  dissolves,  being  precipitated  in 
white  flocks  by  water.  The  body  thus  obtained  is  an  altered 
cellulose  and  is  colored  blue  by  iodine.    It  is  called  amyloid. 

If  unsized  paper,  which  is  almost  pure  cellulose,  is  allowed 
to  remain  a  few  seconds  in  sulphuric  acid  diluted  with  half 
its  volume  of  water,  and  then  well  washed  with  water,  it  is 
11 
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converted  into  a  substance  like  parchment  which  is  called 
*'  parchment  paper."  The  surface  of  the  paper  is  converted 
into  amyloid  by  this  operation. 

Cellulose  is  converted  into  oxalic  acid  by  oxidation  with 
nitric  acid.  If,  however,  cellulose  (cotton)  is  allowed  to 
remain  in  a  mixture  of  concentrated  sulphuric  (3  parts)  and 
nitric  acids  (1  part),  it  is  converted,  without  being  dissolved, 
into  nitro-cellulose,  pyroxylin,  or  gun-cotton: 

C5H7(N03)305. 

Gun-cotton  detonates  when  brought  in  contact  with  a  red- 
hot  body.  It  is  an  extremely  explosive  body.  It  is  insoluble 
in  water,  alcohol,  and  ether.  If  the  above  relations  between 
the  sulphuric  and  nitric  acids  are  altered,  the  nitrition  does 
not  go  so  far,  and  a  substance  is  produced  which  is  soluble 
in  a  mixture  of  alcohol  and  ether.  It  is  called  collodion,  and 
is  extensively  used  in  photography. 

These  so-called  nitro-compounds,  as  nitroglycerol  and  nitrocellulose, 
are  really  nitric  esters.  The  difference  between  the  nitric  esters  and 
the  true  nitro-compounds  has  already  been  explained  under  the  methyl 
compounds.  We  shall  have  occasion  to  refer  to  this  difference  when  we 
come  to  consider  the  aromatic  series. 

Gun-cotton  and  collodion  are  converted  back  into  cellulose 
by  reducing  agents. 

In  the  mantles  of  certain  mollusks  (ascidia),  a  substance  is 
found  which  resembles  cellulose  very  much,  and  is  perhaps 
identical  with  it.    It  is  called  iunicin. 

Vegetable  Mucus,  or  Mucilage,  is  found  in  many  plants, 
particularly  in  the  roots  of  the  althasa,  the  linseed,  quince- 
seeds,  etc.  In  cold  water,  it  swells  up  to  a  slimy  jelly,  which 
is  dissolved  by  hot  water.  Alcohol  precipitates  it.  There  are 
various  kinds  of  vegetable  mucus,  which  are  distinguished  by 
their  derivation,  and  differ  somewhat  in  composition,  but  they 
all  give  dextrose  on  boiling  with  dilute  sulphuric  acid. 
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The  pectine  substances,  which  occur  in  beets  and  in  fleshy 
fruits,  are  very  similar  to  vegetable  mucus. 


We  shall  mention  finally  several  bodies  which  are  ferment- 
able and  very  closely  allied  to  the  carbhydrates. 

Sorbin,  C6Hi20c,  occurs  in  the  berries  of  the  mountain  ash. 

It  crystallizes  in  rhombic  octahedrons,  tastes  as  sweet  as  cane-sugar, 
is  easily  soluble  in  water,  and  less  soluble  in  alcohol.  It  reduces  alkaline 
cupric  solutions,  and  polarizes  to  the  left.  Yeast  does  not  bring  it  into 
fermentation,  nor  do  dilute  acids  convert  it  into  dextrose.  On  heating, 
it  loses  water  and  decomposes 

Inosite,  C6H1206,  exists  in  the  flesh  of  the  muscles,  the 
muscular  substance  of  the  lungs,  in  the  brain,  and  in  unripe 
leguminosse.  It  forms  cauliflower-like,  crystalline  aggregates, 
containing  two  molecules  of  water,  which  it  loses  at  100°.  It 
cannot  be  brought  into  the  alcoholic  fermentation,  nor  do 
dilute  acids  convert  it  into  a  fermentable  sugar.  Decompos- 
ing animal  matters,  however,  produce  the  lactic  fermentation 
in  it.    It  is  optically  inactive. 

Arabinose,  Cr,Hi20„,  is  formed,  together  with  a  fermentable  sugar,  by 
boiling  gum-arabic  with  dilute  sulphuric  acid.  It  crystallizes  in  large, 
beautiful  prisms,  fusing  at  160°,  and  easily  soluble  in  water.  It  has  a  very 
sweet  taste,  reduces  alkaline  cupric  solutions,  polarizes  to  the  right,  and 
cannot  be  brought  into  fermentation. 

There  stands  in  intimate  relation  to  the  carbhydrates  a 
large  class  of  compounds  which  are  very  widely  distributed  in 
the  vegetable  kingdom.  They  are  compounds  of  a  sugar, 
usually  dextrose,  with  one  or  more  other  substances,  and 
belong  to  the  class  of  ethers.  They  are  called  glucosides.  By 
boiling  with  dilute  acids,  or  alkalis,  or  by  ferments,  they  are 
decomposed  into  the  sugar  and  the  other  constituent. 

The  substance  in  combination  with  the  sugar  belongs  almost  always  to 
a  group  of  bodies  which  we  have  not  yet  considered,  and  which  are  gener- 
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ally  treated  of  apart  as  a  class  by  themselves,  because  their  carbon  atoms 
have  a  peculiar  mutual  binding.  We  shall,  therefore,  take  up  the  con- 
sideration of  the  glucosides  after  the  description  of  this  other  class  of 
compounds  which  we  call  the  aromatic  series. 


Uric  Acid  and  its  Derivatives. 

Uric  acid  belongs  properly  to  the  propane  group,  but  it  was  not  con- 
sidered under  that  series  because  of  its  complicated  constitution,  and  since 
it  was  not  deemed  advisable  to  separate  it  from  many  of  its  derivatives 
which  belong  to  the  ethane  series. 

Uric  acid  occurs  free  and  in  the  form  of  salts  in  the  urine 
of  all  vertebrate  animals,  in  smaller  amounts  in  the  urine  of 
mammalia,  and  in  very  small  amounts  in  that  of  the  herbivora, 
it  being  here  replaced  by  hippuric  acid.  It  exists  in  large 
amounts  in  the  secretions  of  birds,  amphibians,  and  many  in- 
sects. Occasionally  it  is  deposited  in  the  bladder  and  forms 
concretions.  It  is  made  from  the  excrements  of  snakes,  which 
consist  almost  entirely  of  uric  acid. 

Uric  Acid,  C5H4N403,  is  a  white,  crystalline  powder,  very 
difficultly  soluble  in  hot  water,  and  almost  insoluble  in  cold 
water.  It  forms  two  series  of  salts  with  bases,  of  which  the  acid 
ammonium  and  acid  potassium  salts  are  the  most  important. 
The  former  is  the  material  from  which  the  acid  is  made  ;  the 
latter,  owing  to  its  difficult  solubility,  is  used  in  purifying  it. 
The  lithium  salt,  which  is  the  most  easily  soluble  in  water,  is 
also  worthy  of  notice. 

Uric  acid  is  decomposed  by  heat,  evolving  ammonium  cyanate  and 
carbonate,  and  leaving  a  nitrogenous  coal.  On  heating  with  iodohydric 
acid,  it  takes  up  water  and  breaks  into  carbonic  acid,  ammonia,  and  glyco- 
coll  : 

C6H4N403  +  5  H20  =  3  C02  -f  3  NHS  +  C,H5N02. 

Glycocoll 
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It  yields  a  number  of  products  on  oxidation,  the  nature  of  which  de- 
pends on  whether  the  oxidation  is  performed  in  an  acid  or  an  alkaline 
solution. 

1)  By  the  moderate  action  of  nitric  acid,  it  is  decomposed  into  urea 
and  alloxan,  C4H2N,04  : 

C:,H4N403  +  H,0  +  0  =  CH4N,0  +  C«H,N,04. 

Urea  Alloxan 

By  further  action,  the  alloxan  is  converted  into  parabanic  acid, 
C3H2N2O3,  and  carbonic  acid  : 

C4N,H204  +  0  =  C3H2N,03  +  CO,, 
Alloxan  Parabanic  acid 

while,  at  the  same  time,  the  alloxan  takes  up  the  elements  of  water,  form- 
ing alloxanic  acid,  C4H4N,05  : 

C4H,N,04  -f  H,0  =  C4H4N,05, 
Alloxan  Alloxanic  acid 

and  the  parabanic  acid  yields,  at  the  same  time,  oxaluric  acid, 
C3H4N204  : 

C3H2N.,03  +  H,0  =  C3H4N,04. 
Parabanic  acid  Oxaluric  acid 

Alloxanic  and  oxaluric  acids  take  up  the  elements  of  water  on  boil- 
ing, and  break  into  urea  and  mesoxalic  acid,  C3H,05,  or  oxalic  acid, 
C,H204  : 

C4H4N,0,  +  E20  =  CH,N:0  +  C3H,Or> 
Alloxanic  acid  Urea  Mesoxalic 

acid 

C3H4N,0,  -f  H,0  --  CH4N20  +  C2H,04. 
Oxaluric  acid  Urea        Oxalic  acid 

2)  A  solution  of  uric  acid  in  potassa  is  gradually  oxidized  to  uroxanic 
acid,  C.,H,.N40„  : 

CH.N.O,  +  2  H20  +  0  =  C5HPN,0«. 

Uric  acid  is  oxidized  by  potassium  permanganate  into  allantom, 
C4H6N403 : 

CsH4N403  +  H,0  +  0  =  C4H6N40.,  +  CO,, 
which  by  further  oxidation  passes  into  allantoxanic  acid,  C4H3N304  : 
C4HfiN403  +  0  =  C4H3N304  -f  NEU. 
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Uric  acid  may  be  detected  in  the  smallest  amounts  by  moistening  with 
nitric  acid,  drying,  and  moistening  the  onion-red  residue  with  ammonia. 
A  superb  purple-red  color  is  obtained.  (Murexide.) 


The  constitution  of  urea,  as  we  have  seen,  is  : 

CO<3?H32  (Carbamide)> 

COOH 

COOH  ' 
of  oxalic  acid,  |        ,  and  of  mesoxalic  acid,  CO 

COOH  C00H 


If  we  imagine  an  H  of  the  amido-group  of  urea  to  be  replaced  by  the 
rest  of  oxalic  acid  (oxalic  acid  minus  OH)  we  have  : 

C0<Nh7°~C00H'  «<MUM>., 

or  oxaluric  acid.  If  the  replacement  takes  place  with  the  rest  of  mesox- 
alic acid,  we  have  : 

C0<Nh"C0"C°"C00H'  °rC,H4N205, 

or  alloxanic  acid.  Alloxanic  acid,  however,  is  formed  from  alloxan, 
which  contains  one  H20  less.  Alloxan  is,  therefore,  a  more  intimate 
mutual  combination  of  the  atomic  groups  : 

co/NH-CO\co 
CU\NH-CO/LU' 

or  urea,  in  which  an  H  of  each  of  the  two  amido-groups  is  replaced  by  the 
di-valent  rest  of  mesoxalic  acid.    Parabanic  acid  is  : 

co/NH"?°; 
\nh-co 

or  urea  in  which  an  H  of  each  of  the  two  amido-groups  is  replaced  by  the 
di-valent  rest  of  oxalic  acid.  In  the  case  of  uric  acid,  its  decomposition 
into  urea  and  alloxan  must  betaken  into  account.  It  contains,  therefore, 
a  urea  rest,  but  since  the  alloxan  is  formed  by  oxidation,  it  must  contain 
an  atom  of  oxygen  less  than  the  sum  of  the  atoms  of  urea  and  alloxan 
less  water. 
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Uric  acid  may  perhaps  be  considered  as : 

/NH_C— — NH\ 
C0<         '  >C0  >CO 
\NH-C  NH/ 

i.e.,  two  urea  rests  bound  together  by  the  group   C  \         ^  is  easily 

/GO. 

to  be  understood  that  the  group  C30  is  converted  into  mesoxalic  acid  by 
oxidation,  and  finally  into  oxalic  and  carbonic  acids. 

Alloxan,  CO^g-^^CO,  or  C4H2N204. 

It  is  produced  by  adding  uric  acid  in  portions  to  concentrated  nitric 
acid.  The  alloxan  separates  in  crystals.  It  is  soluble  in  water,  has  an 
offensive  odor,  and  colors  the  skin  red.    Dilute  alkalis  convert  it  into 

Alloxanicadd,  CO^g~CO~CO~COOH,  or  C4H4N206,  which  crys- 
tallizes in  needles  and  forms  two  series  of  salts.  It  is  converted  by  re- 
ducing agents  (zinc  and  chlorhydric  acid)  into  alloxantine,  CH4N1O7  : 

2  C4H4N205  +  Ha  =  C8H4N40,  +  3H20, 

which  by  further  reduction  passes  into 

Dialuric  add,  C4H4N204,  or  CO^g-QQ^CH(OH).    Dialuric  acid 

contains,  together  with  the  rest  of  urea,  the  rest  of  tartronic  acid, 
COOH"CH(OH)"COOH,  and  is  hence  tartronylurea,  just  as  alloxan  is 
mesoxylurea,  and  parabanic  acid,  oxalurea. 

Dialuric  acid  crystallizes  in  light  yellow  prisms,  and  is  a  monobasic 
acid.  On  mixing  dialuric  acid  and  a  solution  of  alloxan,  alloxantine  is 
formed  : 

C4H4N204  +  C4H2N204  =  C8H4N407  +  H20. 
Dialuric  acid  Alloxan 

The  constitution  of  alloxantine  is,  therefore, 

pr./NH-CO\p-r/CO-NH\co 
CO\NH-CO/^\CO-NH/ta 

0 

Alloxantine,  on  boiling  with  a  solution  of  ammonium  chloride,  breaks 
into  alloxan  and  dialuramide  : 

CeH4N40,  +  NH4C1  =  C4H2N204  +  C\H5N303  +  HC1. 

Alloxantine  Alloxan  Dialuramide 
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Dialuramide,  or  uramile,  is  also  formed  by  the  reduction  of  nitro-  or 
nitrosobarbituric  acid,  and  has  the  constitution 


It  is  insoluble  in  water  and  soluble  in  ammonia.  On  boiling  with 
potassium  cyanate,  it  forms  a  potassium  salt  isomeric  with  the  uric  acid 
salt,  potassium  pseudo-urate. 

Pseudo-uric  acid  is  probably 


By  the  oxidation  of  dialuramide,  murexide,  the  ammonium  salt  of  pur- 
puric acid,  is  obtained. 

Purpuric  acid  stands  to  dialuramide  in  the  same  relation  as  alloxantine 
to  dialuric  acid.    It  is,  therefore,  alloxantinimide : 


Murexide  forms  golden-greenish  leaflets  which  are  difficultly  soluble 
in  water,  but  which  impart  to  it  an  intense  purple  color.  It  is  soluble  in 
potassa  with  an  indigo-blue  color  which  is  destroyed  on  boiling,  with  the 
evolution  of  ammonia.  Acids  decompose  it  on  boiling  into  alloxan  and 
dialuramide. 

Murexide  is  used  as  a  red  dye  for  fabrics. 

On  heating  dialuric  acid  with  glycerol,  we  obtain 

Hydurilic  acid,  C8H6N408:  2  C4H4N20,  =  C»H6N4O0  +  H20  +  0, 


which  crystallizes  in  small  prisms  containing  2  H,0,  and  difficultly  solu- 
ble in  water  and  alcohol.    From  this  is  obtained 

Barbituric  acid,  C4H4N203,  which  crystallizes  in  large  prisms.  Bro- 
mine converts  it  into  dibrombarbituric  acid,  C4H2Br.iN.jO3,  fuming  nitric 
acid  into  nitrobarbituric  acid,  or  dilituric  acid,  C,H3(N02)NO:i.  Ni- 
trous acid  transforms  it  into  nitrosobarbituric  acid,  or  violuric  acid, 
C4H:,(NO)N,0J. 


co<n£:co>ch(nh^ 


2  C4H,N;,03  +  0  =  C,H,Nr,06  +  H,0. 


Dialuramide  Murexide 


C,H,N(,Or,  =  C,H,N;,0„  .  NHa. 
Murexide       Purpuric  acid 


malonylurea,  and  on  boiling 


with  dilute  potassa  falls  into  malonic  acid  and  urea  : 
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COOH 
CH2  . 
COOH 


Thus  far  we  have  considered 

Malonylurea,  or  barbituric  acid,  CO<^^-^q^>CH2, 

Tartronylurea,  or  dialuric  acid,  Co/^-^q\cH(OH), 


Mesoxylurea,  or  alloxan,  C0^NH~CO^C0- 

<NH~CO 
i   ,  or  C3H2N".203,  is  obtained 
NH'CO 

by  allowing  a  solution  of  urea  in  nitric  acid  to  evaporate.  It  is  soluble 
in  water.    On  boiling  with  ammonia  it  yields 

Oxaluric  acid,  CO^^00"00011,  or  CaH4N,0J,  which  is  a  mono- 
basic acid  difficultly  soluble  in  water.  On  boiling  with  alkalis  it  breaks 
into  urea  and  oxalic  acid  : 

\JSJH2  \NH2  COOH 

By  the  action  of  reducing  agents  on  parabanic  acid,  oxalantine, 
Cr,H4N40.„  is  obtained,  which  corresponds  to  alloxantine,  and  which  by 
further  reduction  passes  into 

/NH-CO 

Allanturic  acid,  C3H4N203,  or  CO<  i  ,  or  glyoxylurea. 

\NH"CH(OH) 

Allied  to  this  compound  is 

nn  /NH-CO 

Hydantcnne,  or  glycolylurea,  C3H4N2O..,  or      n^^-jj-qjj  ' 

is  obtained  by  the  digestion  of  allantotne,  OiHcN40:i,  a  compound  occur- 
ring in  the  urine  of  calves  and  of  the  foetal  calf,  with  iodohydric  acid  : 

C4H„N40,  +  2  HI  =  CH4N20  +  C3H4N202  +  I2. 
Allantoine  Urea  Hydantoine 

Allantotne  is  formed  by  the  oxidation  of  uric  acid  in  alkaline  solu- 
tion, and  also  by  heating  glyoxylic  acid  (CHO'COOH)  with  urea.  It 
crystallizes  in  glittering  prisms,  which  are  difficultly  soluble  in  cold  water 
and  are  decomposed  by  boiling  with  alkalis. 
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Hydantoine  forms  needles  fusing  at  206°.  On  boiling  with  baryta 
water  they  give 

Hydantoic  acid,  C3H6NO:,,  or  c°2<^NH~CHrCOOH'  an  acid  orys" 
tallizing  in  large  prisms.  It  can  be  produced  by  heating  glycocoll  with 
urea. 

"We  have  thus  three  bodies  which  can  be  derived  from  each  other  by 
oxidation  (or  inversely  by  reduction) : 

^  /NH-CO 
Glycolylurea,  or  hydantoine,     CO<        _  i 

\NH  Cfl2 

n  /NETCO 
Glyoxylurea,  or  allanturic  acid,  CO<  i 

\NH-CH(OH) 

„  /NH-CO 
Oxalylurea,  or  parabanic  acid,   CO<  i 

\nh-co. 

To  conclude,  we  shall  take  up  several  bodies  and  their 
decomposition-products,  which  occur  in  the  animal  organism. 

Xanthine,  C5H4N403,  is  a  normal  constituent  of  many 
animal  tissues.  It  is  an  amorphous  powder,  very  difficultly 
soluble  in  water.    It  combines  with  both  acids  and  bases. 

Sarcine,  or  Hypoxanthine,  C5H4N40,  occurs  in  the  juice  of 
the  muscles,  in  the  spleen,  liver,  kidneys,  brain,  etc.  It  is  a 
crystalline  powder,  difficultly  soluble  in  cold  water,  more  easily 
in  hot.  It  possesses  basic  properties,  and  decomposes  at  150°. 
Its  ammoniacal  solution  gives  a  precipitate  with  silver  nitrate: 

C5H2Ag8N40  +  H20. 

The  flesh  of  muscles  contains,  besides  sarcine, 
Carnine,  C7H8N403  +  H30,  which  is  a  colorless  powder, 
difficultly  soluble  in  water.    Nitric  acid  converts  it  into  hy- 
poxanthine. 

If  the  above  compounds  are  compared  with  uric  acid,  it 
will  be  noticed  that  they  form  a  series,  the  members  of  which 
increase  by  an  atom  of  oxygen.  They  are  similar  in  their 
chemical  relations,  and  probably  have  an  analogous  consti- 
tution. 


GUANINE. 
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Sarcine  C5H4N40 

Xanthine  C5H4N402 

Uric  acid   C5H4N403 

Theobromine,  C7H8N402,  and  Caffeine,  C8H10N4O8,  are 
homologous  with  xanthine,  and  have  a  similar  constitution. 
Theobromine  exists  in  the  cocoa-nuts.  It  is  difficultly  soluble 
in  water,  and  forms  crystalline  salts  with  acids.  Caffeine, 
The'ine, or  Methyltheobromine,  C8Hj  0N4O3-f-H2O,  is  contained 
in  coffee  and  tea.  It  forms  fine  needles,  which  lose  their  water 
of  crystallization  at  120°,  and  fuse  at  234°.  They  are  diffi- 
cultly soluble  in  water,  and  sublime  at  a  higher  temperature 
unchanged.  It  possesses  weak  basic  properties.  When  taken 
internally,  it  causes  trembling  and  palpitation  of  the  heart. 

Theobromine  is  diraethylxanthine,  C,H6N402  =  CaHstCEU^NiOa ;  and 
caffeine  is  trimethylxanthine,  CHjoN^j  =  C5H(CH3)3N402. 

Their  constitution  is  probably  : 

NH"CH  CH7N— CH  CH7N  CH 

I      II  l     1 1  I  II 

CO  C"NH\  CO  O-N-CH,  CO  C^CH., 

i     \        >co        i     i     >co  i     i  >co 

NH"C=N  /  NH"C=N  CH^N  ~C=N 

Xanthine  Theobromine  Caffeine 

Guanine,  creatine,  and  creatinine  are  closely  related  to  this 
group. 

Guanine,  C5H5N50,  we  may  imagine  to  be  derived  from 
xanthine  by  the  replacement  of  an  0  by  NH.  It  is  converted 
into  xanthine  by  the  action  of  nitrous  acid.  It  is  the  chief 
constituent  of  the  excrement  of  spiders,  and  occurs  in  small 
amounts  in  guano.  It  is  a  white  powder  which  unites  both 
with  acids  and  bases.  It  is  decomposed  by  oxidation  into 
guanidine,  parabanic  acid,  and  carbonic  acid  : 
C5H5N50  +  3  0  +  H30  =  CH5N3  +  C,H8Ns03  +  C02. 

Guanidine        Parabanic  acid 

While  the  rest  of  urea,  CO<(j^g-,  is  common  to  the  group  of  sarcine, 
xanthine,  and  uric  acid,  the  rest  of  the  guanidine  molecule,  C(NH)<^g- , 
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is  characteristic  of  guanine.  This  rest,  C(NH)<^g-,  is  also  common  to 
the  following  substances  : 

/NH2 

Creatine,  C=NH  ,  or  C4H9N302. 

\N(CH3)"CH3COOH 

Occurs  in  the  juice  of  the  muscles  of  herbivora.  It  crystal- 
lizes in  limpid,  rhombic  prisms  containing  one  molecule  of 
H20,  which  is  driven  off  at  100°.  They  possess  a  bitter, 
salty  taste,  are  difficultly  soluble  in  cold  water,  quite  easily  in 
hot,  and  possess  weak  basic  properties. 

By  heating  creatine  with  dilute  acids  the  elements  of  water 
split  out,  forming 

jm 

Creatinine,   NH  \pn      p  tt  to-  n 

Creatinine  occurs  in  the  urine  and  muscles  of  men,  horses, 
dogs,  etc.  It  crystallizes  in  quite  soluble  rhombic  prisms, 
which  possess  an  alkaline  reaction  and  strong  basic  properties. 
It  forms  a  characteristic  compound  with  zinc  chloride, 
(C4H,N30)2ZnCl2. 

Creatine,  on  boiling  with  dilute  alkalis,  is  resolved  into 
methylglycocoll  and  urea,  the  latter  breaking  up  into  carbonic 
acid  and  ammonia  : 

C4H9N302  +  H20  =  C3H7N02  +  CH4N20. 

CH2"NH(CH3)  _Trk 
Methylglycocoll,  ovSarcosine,  CqqH  » or  °3Htjnu2> 

is  formed  from  monochloracetic  acid  and  methylamine  : 

^C1  +  0H3NH!=?™0H3)  +  HC>- 
COOH^      3  COOH 

It  forms  rhombic  prisms  which  are  soluble  in  water,  and 
volatilize  without  decomposition.    It  has  weak  basic  properties. 

Creatine  is  converted  by  oxidizing  agents  into 


GLYCOCY  AMINE.  173 

Methylur amine,  methylmianidine,  C2H,N 3,  or  C=NH        ,  a  deli- 

\NH(CH3) 

quescent,  strongly  basic  substance. 

Standing  between  methyluramine  and  creatine  is 

/NH2 

Glycocyamine,  CaEUNaOs,  or  C=NH  .     It  is  obtained 

\NH-CH2-COOH 

from  glycocoll  and  cyanaraide,  and  is  a  glycocoll  in  which  an  H  is 
replaced  by  the  glycocoll-rest.  It  is  a  crystalline,  strongly  basic  body, 
difficultly  soluble  in  water.  The  hydrochloride  of  glycocyamine,  on 
heating  to  160°,  is  converted  into  the  salt  of  glycocyamidine,  C3H5N3O, 

or  (NH)<         1  . 

\nh-co 

The  most  important  of  the  above  compounds  is  creatine, 
which  is  a  methylguanidine  in  which  an  H  of  the  NH2  is 
replaced  by  a  glycollic  acid  rest. 

^NH 

Guanidine,  Cf-NH2 

Methyl  guanidine,  C^— NH2  ^  ^ 

Creatine,  C(— NH2 

\N(CH3)-CH2-COOH 

Glycollic  acid,      CH2 (OH)_COOH. 


Retrospect. 


The  large  number  of  bodies  which  we  haye  thus  far  met 
with,  can,  as  we  have  seen,  be  traced  back  to  a  few  compounds, 
the  principal  characteristics  of  which  appear  in  their  repre- 
sentatives in  all  the  carbon  series.  We  have  repeatedly 
noticed  that  the  alcohols,  aldehydes,  acids,  chlorides,  etc., 
always  exhibit  characteristic  reactions. 

We  shall  now  consider  the  chief  classes  arranged,  not 
according  to  the  carbon  series,  but  according  to  the  nature  of 
the  substitution. 

We  meet  at  first  those  compounds  which  consist  only  of 
carbon  and  hydrogen,  the  hydrocarions,  and  of  these  the  satu- 
rated hydrocarbons  come  first. 

CH4     =     CH4  Methane, 


C2H 
C3H 


8 


6 


CH3  CH3 

CH3  CHg  CH3 

1)  CH3-CH2"CHS~CH3 

2)  CH3-CH-CH3 


Ethane, 
Propane, 


C4H 


1 0 


Butane  (2  isomers), 


CH3 


- 


1)  CH3-CH3"CH2-CH2"CH3 

2)  CH3-CH2-CH-CH3 

CH3  I 

CH3 


Pentane  (3  isomers), 


1 


3)  CH3-O-CH3 


CH3 
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fl)  CH3-CH2-CH2-CH2-CH2-CH3 

2)  CH3-CH2-CH2-CH-CH3 

CH3 

3)  CH3-CH_CH-CH3 

4)  CH3-CH23-CH-CH2-CH3  H^ane  (5 isomers), 

CH3 
CH3 

5)  CH3"CH3"C"CH3 

CH3. 


"We  shall  stop  with  hexane,  as  the  number  of  isomers 
increases  extraordinarily  in  the  higher  series,  according  to  the 
law  of  permutations.  Of  heptane,  C,H16,  there  are  9  isom- 
ers ;  of  octane,  C8H18,  35  ;of  nonane,  C9H20,  155,  etc.  Only 
a  few  of  these  isomers  are  known,  but  new  ones  are  being 
continually  obtained. 

These  hydrocarbons  are  formed  by  the  decomposition  of 
coal,  the  first  member,  methane,  being  contained  in  illumi- 
nating gas,  while  the  others  exist  in  petroleum.  They  can  be 
produced  artificially  in  the  following  manner  : 

1)  By  the  dry  distillation  of  a  salt  of  a-  monobasic  acid  of 
the  next  higher  series  with  an  alkali: 

CH3-COONa  +  NaHO  =  CH4  +  Na2C03 

Sodium  acetate 

C2H5"COONa  +  NaHO  =  C2H6  +  Na2C03. 

Sodium  propionate 

2)  By  the  electrolysis  of  the  corresponding  monobasic  acid  : 

2  CH3"COOH  =  CH3"CH3  +  2  C02  +  H2. 

3)  By  treatment  of  the  zinc  compound  with  water  : 

(CH3)2Zn  +  2  H20  =  2  CH4  +  Zn(OH)2. 
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4)  By  treatment  of  the  iodo-compound  with  sodium,  a 
hydrocarbon  of  a  higher  series  being  formed  : 

CH3I  CH3 

3  +  Na2  =  1    3  +  2  Nal. 
CH3I^      2  CH3 

The  lower  members  of  this  series,  up  to  butane,  are  gaseous 
at  ordinary  temperatures.  Pentane  is  a  liquid  boiling  at  a 
low  temperature.  The  boiling  points  of  the  higher  members, 
as  for  instance  of  those  which  are  contained  in  petroleum, 
rise  above  360°.  The  boiling  points  of  the  different  isomers 
of  a  carbon  series  are,  of  course,  different. 

The  saturated  hydrocarbons  are  characterized  by  the  diffi- 
culty with  which  they  are  attacked  by  reagents,  i.e.,  yield  sub- 
stitution-products. Chlorine  reacts  with  a  few  in  the  sun- 
light, but  with  the  majority  the  reaction  takes  place  only  at 
a  high  temperature  : 

C8H18  +  C18  =  C8HM01  +  HOL 

From  their  stability  as  regards  substituting  agents,  these 
hydrocarbons  are  called  paraffines  (from  para  affinis,  without 
affinity).  Their  general  formula  is  CnH2n+ 2.  Hydrocarbons 
(and  all  organic  compounds)  having  a  similar  constitution,  and 
which  are  derived  from  each  other  by  the  replacement  of  an  H 
by  a  CH3,  are  called  homologous.  Thus  all  saturated  hydro- 
carbons are  homologous  with  methane,  but  pentane  No.  3,  and 
butane  No.  1  are  not  homologous.  Those  hydrocarbons  in 
which  each  carbon  atom  is  bound  with  at  most  two  other  carbon 
atoms,  so  that  each  carbon  atom  consequently  binds  at  least 
two  hydrogen  atoms,  are  called  normal.  In  the  series  just 
given,  the  normal  hydrocarbons  are  placed  first. 

The  general  rule  for  the  hydrocarbons  of  the  series  CnH2nf2, 
is  that  each  carbon  atom  is  bound  by  only  one  bond  to  another 
carbon  atom. 
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Unsaturated  Hydrocarbons. 

The  carbon  atoms  of  the  unsaturated  hydrocarbons  are 
bound  together  by  more  than  on'e  bond.  The  simplest  case  is 
of  two  carbon  atoms  bound  together  each  by  two  bonds,  while 
the  other  carbons  are  bound  as  in  the  saturated  hydrocar- 
bons. In  this  manner,  compounds  of  the  type  C„H2n  are 
formed. 

C3H4   =CH2=CH3  Ethylene, 
C3H6   =  1)  CH3_CH=CH2  Propylene, 
C4H8   =  1)  CH3  CH2  CH~CHg 

2)  CH3-CH=CH"CH3  Butylene, 

3)  CH3_C=CH2 

CH3 

C6H10=1)  CH3~CH3"CH2"CH=CH2 

2)  CH3_CH2-CH=CH-CH3  . 

3)  CH3"CH=C"CH3  Amylene, 

CH3  (Pentylene). 

4)  CH3"CH2_C=CH2 

CH3 

These  hydrocarbons  are  formed  by  the  decomposition  of 
many  organic  compounds  at  a  high  temperature ;  by  the  action 
of  dehydrating  agents  (cone.  H2S04,  P205,  etc.)  on  mono- 
hydric  alcohols  ;  and  by  treatment  of  their  chlorides,  bromides, 
or  iodides,  with  potassium  hydroxide  : 

C3H,I  +  KOH  =  C3H6  +  KI  +  H20. 

The  secondary  and  tertiary  alcohols  and  their  halogen  de- 
rivatives break  very  easily  into  unsaturated  hydrocarbons  : 

CH3-CH2OH  -  H20  =  CH2=CH2. 

Ethyl  alcohol  Ethylene 

The  first  members  of  this  series,  as  ethylene,  propylene, 
12 
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butylene,  etc.,  are  gaseous  at  ordinary  temperatures.  The 
higher  ones  are  liquids  or  solids. 

They  unite  easily  with  the  halogens  : 

CH2=CH2  +  Br3  =  CH2Br~CH2Br, 

Ethylene  bromide 

and  with  the  halogen-hydric  acids  : 

CH3=CH2  +  HI  =  CH3"CH8I, 

Ethyl  iodide 

also  with  sulphuric  acid  : 

CH2=CH2  +  H2S04  =  CH3-CH2 .  HS04, 

Ethylsulphuric  acid 

forming  derivatives  cf  the  saturated  hydrocarbons.  The 
double  binding  is  hence  easily  dissolved.  They  are  also  easily 
polymerized  by  substances  having  an  attraction  for  water  (sul- 
phuric acid,  etc. ).    They  are  called  olefines. 

There  are,  however,  unsaturated  hydrocarbons  which  con- 
tain carbon  atoms  fcound  with  more  than  two  bonds,  or  in 
which  there  are  more  than  two  carbon  atoms  bound  by  two 
bonds. 

1)  CMH2-.-2  series. 

C2H2  =      OH=CH  Acetylene, 
C3H4  =  1)  CH=C~CH3  ) 

2)  CH2=C=CH0  f  Allylene,  or  propylene, 

C4H6  =  1)  CHEC"CH2ICH3  " 

2)  CH3-C=CTCH3 

3)  CH2=C=CH-CH2     f  Crotonylene,  or  butylene, 

4)  CH2=CH-CH=CH2  J 
C6H8,  Pentylene,  C6H10,  Hexylene,  etc. 

The  hydrocarbons  of  the  series,  CMH2n_2,  are  formed  by  the 
action  of  alcoholic  potassa  on  the  compounds  of  the  CnH2nBr2 
series  : 

CH2Br"OH2Br  +  2  KHO  =  CH=CH  +  2  KBr  +  2  H20, 
or  C2H4Br2  -  2  HBr  =  C2H2. 
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These  hydrocarbons  unite  easily  with  two  and  four  atoms  of 
a  halogen  : 

C3H4  +  Cl2  =  C2H4C12 
C3H4  +  Cl4  =  C3H4C14. 

2)  C„H2n_4  series. 

Only  the  higher  members  are  known :  C5H6,  valylene,  a 
large  number  of  the  compounds  of  the  formula  C^Hj  6  (the 
terpenes),  and  the  majority  of  the  essential  oils,  of  which  the 
more  important  will  be  considered  later  on,  belong  to  this 
series.  It  is  easy  to  see  that  the  number  of  isomers  of  the 
composition,  C\       6,  will  be  large. 

3)  C„H3„.6  series.  The  remarkably  large  number,  and  the 
great  importance  of  the  compounds  of  this  particular  class 
(the  aromatic  series),  have  led  chemists  from  an  early  date  to 
treat  them  as  a  separate  class.  We  shall  soon  have  an  oppor- 
tunity of  studying  them.  The  hydrocarbons  which  contain 
still  less  hydrogen  will  also  be  taken  up  later  on. 

The  substances  called  petroleum  and  pnraffine,  which  are  met  with  in 
commerce,  are  mixtures  of  numerous  hydrocarbons  belonging  to  the 
C„H2n  +  2  and  C„H2n  series.  As  the  hydrocarbons  of  the  lower  series 
(CH  ,,  C2H6,  C2H4,  etc.),  are  gaseous  at  ordinary  temperature,  while  those 
of  the  higher  series  (C6H14,  C6H)2,  CiH,c,  etc.),  are  liquid,  and  the  still 
more  complicated  ones  (C20H42,  etc.).  are  solid,  the  difference  between 
petroleum  and  paraffine  lies  chiefly  in  the  former  consisting  for  the  greater 
part  of  hydrocarbons  under  C2„,  while  paraffine  is  composed  chiefly  of 
those  from  C20  to  C2-. 

Petroleum  occurs  in  many  places,  but  particularly  in  the  United  States. 
It  is  formed  by  the  slow  decomposition  of  organized  bodies  (plants  and 
animals).  Crude  petroleum,  as  it  issues  from  the  earth,  contains  also  the 
lower  hydrocarbons,  the  greater  part  of  which  are  evolved  in  a  gaseous 
state,  although  a  part  of  them  remain  in  solution.  On  account  of  the 
gaseous  and  low  boiling  hydrocarbons  which  it  contains,  petroleum  begins 
to  boil  at  a  low  temperature,  and  as  it  ignites  very  easily,  has  given  rise 
to  many  accidents.  It  has,  therefore,  to  be  rectified,  i.e.,  distilled.  The 
portions  going  over  between  150°  and  200°  constitute  the  petroleum  of 
commerce  (kerosene). 
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The  portion  distilling  under  150°  is  also  utilized.  That  which  goes 
over  under  100D  is  known  as  petroleum-ether,  cymogen,  rigolene,  etc., 
while  that  between  100°  and  150°  constitues  the  article  known  as  benzine, 
or  ligroine,  which  is  used  as  a  solvent  for  fats,  resins,  caoutchouc,  etc., 
and  for  making  gas.  On  account  of  its  inflammability,  it  has  to  be 
handled  with  great  care. 

Petroleum  also  contains  paraffine,  i.e.,  the  liquid  hydrocarbons  hold 
solid  ones  in  solution.  Paraffine  is  also  obtained  by  the  dry  distillation 
of  wood,  peat,  and  bituminous  shales.  It  is  a  white,  fatty  substance 
resembling  wax.    It  fuses  at  about  40°  and  boils  over  300°. 


Halogen  Derivatives  of  the  Hydrocarbons. 

Both  the  saturated  and  unsaturated  hydrocarbons  yield  sub- 
stitution-derivatives in  which  one  or  more  atoms  of  hydrogen 
are  replaced  by  chlorine,  bromine,  or  iodine.  The  number 
of  isomeric  derivatives  is  greater  than  the  number  of  the 
hydrocarbons.  Ethane,  C2H6,  for  instance,  yields  two 
isomeric  dichlor-derivatives,  CH2CrCH3Cl,  ethylene  chlo- 
ride, and  CH3"CHC12,  ethylidene  chloride.  Butane,  C3H8, 
or  CH3~CH2~CH3,  yields  two  monochlor-derivatives, 
CH3~CH2-CH2C1  and  CH3_CHCrCH3. 

The  monochlorides,  bromides,  and  iodides  are  generally 
made  from  the  monohydric  alcohols,  either  by  digesting  with 
gaseous  chlorhydric  acid,  or  by  treating  them  with  phos- 
phorus chloride,  bromide,  or  iodide  : 

C2H5(OH)  +  HC1  =  C2H5C1  +  H20, 
3  C2H5(OH)  +  PBr3  =  3  C2H5Br  +  PH303. 

They  are  also  formed  by  the  action  of  chlorine  and  bromine 
on  the  saturated  hydrocarbons,  and  by  the  addition  of  the 
halogen-hydric  acids  to  the  unsaturated  hydrocarbons.  In  the 
latter  case  the  halogen  unites  with  the  carbon  atom  which 
holds  the  least  hydrogen  : 
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CH3-CH=CH3  +  HI  =  CH3-CHFCH3 
CH3-C=CH8    +  HI  =  CH3-CrCH3 
CH3  CH3 

The  dichlorides,  dibromides,  and  di-iodides  are  produced  by 
leading  chlorine,  bromine,  or  iodine,  into  either  the  hydro- 
carbons of  the  series  CnH2,„  in  which  case  the  two  halogens 
take  up  with  two  different  carbon  atoms  ;  or  into  the  mono- 
chlorides,  bromides,  or  iodides,  in  which  case  both  the  halo- 
gens unite  with  the  same  carbon  atom  : 

CH2=CH2  +  Cl8  =  CH2CrCH2Cl 
CH3CH2C1  +  Cl2  =  CH3-CHC12  +  HC1. 

The  other  chlorides,  etc. ,  are  formed  by  the  continued  action 
of  chlorine,  etc.,  on  the  alkylogens. 

On  treatment  with  moist  silver  oxide,  the  halogens  are 
replaced  by  hydroxyl,  forming  alcohols,  glycols,  aldehydes, 
etc. : 

2CH3"CH2C1  +  Ag20+H20  =  2  CH3_CH2(OH)  +  2  AgCl 
CH2CrCH2Cl  +  Ag20  +  H20  =  CH2(OH)"CH2(OH) 
+  2  AgCl 

CH3"CHC12  +  Ag20  =  CH3"CHO  +  2AgCl. 

On  digestion  with  a  silver  salt,  an  ester  (compound  ether)  is 
obtained  : 

C2H5C1  +  C2H302Ag  =  C2H5-C2H302  +  AgCl. 

Acetic  ester 

C2H4C12  +  2  C2H302Ag  =  C2H4=(C2H3C2)2  +  AgCl. 

On  digestion  with  potassium  salts,  the  halogen  is  replaced 
by  the  rest  in  combination  with  potassium  : 

C2H5C1  +  KCN  =C2H5_C^ 
C2H5C1  +  KSCN  =  C2H5-SCN,  etc. 
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Nascent  hydrogen  converts  the  halogen  derivatives  back  into 
the  hydrocarbons.* 


C8H60 


C4H10O<! 


Hydroxyl  Derivatives. 

1)  Alcohols. 

a)  Monohydric  alcohols,  CKH2n  +  1OH  : 
CH40  =  CH3OH  Methyl  alcohol,      B.  p.  65° 

CH3~CH2OH        Ethyl  alcohol,       B.  p.  79° 
CH3"CH2"CH2OH    Propyl  alcohol,  B.  p.  97° 
C3H80=  -J  CH3~CH(OH)~CH3   Isopropyl  alcohol, 

B.  p.  83° 

f  CH3-CH2-CH2-CH2(OH)  Butyl  alcohol, 

B.  p.  117° 

CH3-CH2_CH(OH)-CH3 
hoi, 

CH3_CH-CH2(OH) 
CH3 

CH3-C(OH)-CH3 
CH3 

C  CH3-CH2-CH2-CH2-CH2(OH)  Normal  amyl  al- 
cohol, B.  p.  137° 
CH3-CH2-CH2-CH(OH)-CH3  Propyl-methyl- 
carbinol,  B.  p.  119° 
(C2H6)-CH(OH)-C2H6  Di-ethyl-carbinol, 

B.  p.  117° 

CH3-CH-CH2_CH2(OH)  Ordinary  amyl  alcohol, 
CH3  B.  p.  130° 

CH3-OH(OH)-CH-CH3  Isopropyl-methyl-carbi- 
CH3       nol,  B.  p.  108° 

CH3-CH2-C(OH)-CH3  Ethyl-dimethyl-carbinol, 
CH3  B.  p.  97° 

*The  action  of  iodohydric  acid  is  both  substituting  and  reducing. 
Glycerol  and  HI  yield  isopropyl  iodide  : 


Secondary  butyl  alco- 
B.  p.  980° 
Isobutyl-al  cohol, 

B.  p.  108° 
Trimethyl-carbinol, 

B.  p.  82c 


C6H18CH 
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C6H14CM 


C,H160 


r  CH3-CH2-CH2-CH2-CH2-CH8-OH  Normal 
hexyl  alcohol,  B.  p.  158° 

CH3-CH2-CH2-CH2-CH(OH)-CH3  Butyl- 
methyl-carbinol,  B.  p.  137° 

CH3-CH2-CH2-CH(OH)-CH2-CH3  Propyl- 
ethyl-carbinol,       B.  p.  134° 
(CH3)3ECTCH(OH)-CH3         Pinacolyl  alcohol, 

B.  p.  120.5° 

(CH3)2=C(OH)~C3H7  Propyl-dimethyl-carbinol, 

B.  p.  115° 

(CH3)2=C(OH)_CH(CH3)2  Isopropyl-dimethyl- 
carbinol,  B.  p.  113° 

(C2H5)2=C(OH)-CH3    Di-e  thyl-methyl-carbinol, 

B.  p.  120° 

'  CH3-CH2-CH2_CH2-CH2-CH2-CH2(OH) 

Normal  heptyl  alcohol,     B.  p.  175° 
(C3H,)2=CH(OH)  Dipropyl-carbinol,  B.  p.  150° 
(CH3)2=CH-CH(OH)-CH(CH3)2  Di-isopropyl- 
carbinol,  B.  p.  132° 

(C2H5)3EC(OH)    Tri-ethyl-carbinol,    B.  p.  142° 
(CH3)2=C(OH)-.CH2"CH(CH3)2  Dimethyl-iso- 
butyl-carbinol,  B.  p.  130° 

(CH3)3=C-C(OH)=(CH3)2    Penta  methyl-ethol, 

B.  p.  132° 


f  Normal  octyl  alcohol, 
C8Ht80  <  Hexyl-methyl-carbinol, 

I  Propyl-di-ethyl-carbinol, 
C  9  H  2  0  0     Nonyl  alcohol, 
C10H22O  Decatyl  alcohol, 


B.  p.  192° 
B.  p.  179° 
B.  p.  about  150° 
B.  p.  about  200° 
B.  p.  about  212° 


CH2(OH)-CH(OH)-CH2(OH)  +  5  HI  =  CH3"CHrCH3  +  3  H20  +  2  I2. 

Erythrol  yields  secondary  butyl  iodides.  Chloroform  gives  methylene 
iodide : 

CHCU  +  4  HI  =  CH2I2  +  3  HC1  +  I2. 
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C16H33(OH)  Cetyl  alcohol     <|      M   t     di  tempera- 
Cg, H55  (OH)  Cerotyl  alcohol  \ 
C3 0H61  (OH)  Myricyl  alcohol  J 

The  constitution  of  the  last  six  alcohols  is  not  known. 
The  number  of  possible  isomers  is  very  great. 
Finally,  CnH2„_1OH  : 

C,H60  =  CH2=CH-CH2OH. 

Allyl  alcohol 

Ethers  of  these  alcohols,  CHH3„  f  20  : 

C2H60  =  CH3-0_CH3  Methyl-ether,  B.  p.  -  21° 
C3H80  =  CH3"0"C2H5  Methyl-ethyl-ether,  + 11° 
C4Hj  0O  =  C2H5-0_C2H5  Ethyl-ether,  +  35.5° 

C6H140  =  C4H9-0-C2H6  Butyl-ethyl-ether,  etc. 

b)  Dihydric  alcohols,  glycols,  C„H2n(OH)2  : 

C2H602  =    CH2(OH)"CH2(OH)  Ethyl-glycol 

p  XT  r\      .  (CH2(OH)-CH2-CH2(OH)  Propyl-glycol 

3    8  3  ~  ( CH3-CH(OH)_CH2(OH)  Isopropyl-glycol 
C4H10O2  Butyl-glycol 
C6H1302  Amyl-glycol. 

c)  Trihydric  alcohols,  glycerols,  CnH2M.j(OH)3  : 
C3H803   =  CH2(OH)-CH(OH)-CH2(OH)  Glycerol 
C5H1203  Isoamylglycerol. 

d)  Tetrahydric  alcohols,  C„H2n_2(OH)4  : 

C4H10O4  =  CH2(OH)-CH(OH)-CH(OH)-CH2(OH) 

Erythrol. 

e)  Hexahydric  alcohols : 

C0H14O6.    Mannol,  Dulcol. 

The  alcohols  can  be  produced  from  their  corresponding 
aldehydes,  or  acid  anhydrides,  by  the  action  of  nascent  hydro- 
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gen,  or  from  the  chlorides,  bromides,  etc.,  of  the  hydrocar- 
bons by  the  action  of  moist  silver  oxide.  They  can  also  be 
obtained  by  treating  the  alkylogens  with  the  salt  of  an  organic 
acid,  and  decomposing  the  resulting  ester  with  potassium 
hydroxide  : 

C3HJ  +  C2H3Na02  =  C2H3(C3H5)02  +  Nal. 

Allyl  iodide      Sodium  acetate  Acetic  allyl  ester 

C2H3(C3H5)02  +  KHO  =  C2H3K02  +  C3H5(OH). 

Potassium  acetate       Allyl  alcohol 

Besides  the  above  methods,  they  are  formed  by  the  action  of  the  zinc 
compounds  of  the  hydrocarbons  on  the  aci-chlorides  (p.  93) : 

CH3-COCI  +  2  Zn(CH3)s  4-  3  H20  =  (CH3)3E(rOH  +  ZnClOH 
+  Zn(OH)2  +  2  CH4, 

and  by  the  action  of  zinc  on  a  mixture  of  the  iodide  and  the  formic 
ester : 

CHCTOCsHs  +  4  CH3I  +  3  Zn  +  3  H20  =  (CH3)2=CH(OH)  +  2  Znl 
+  Zn(OH)2  +  2  CH4  +  C2H60. 

Alcohols  are  divided  into  three  classes,  viz. :  primary  al- 
cohols, which  on  oxidation  yield  the  aldehyde  and  the  acid  of 
the  same  carbon  series ;  secondary  alcohols,  which  on  oxidation 
yield  a  ketone  of  the  same  carbon  series,  and  by  further  oxida- 
tion yield  acids  of  lower  carbon  series  ;  and  tertiary  alcohols, 
which  break  at  once  by  oxidation  into  acids  of  lower  series. 
The  secondary  and  tertiary  alcohols  easily  lose  the  elements 
of  water,  affording  hydrocarbons  of  the  C„H2„  series.  Among 
the  isomeric  alcohols,  the  normal  possess  the  highest  boiling 
point,  the  primary  higher  than  the  secondary,  and  the  latter 
higher  than  the  tertiary.  Eegularities  seem  to  exist  in  the 
differences  between  the  boiling  points  of  homologous  alcohols, 
but  a  law  is  not  yet  known. 

The  ethers  are  made  from  the  alcohols  by  the  action  of 
their  chlorides,  etc. ,  on  the  sodium  compound  of  the  alcohol, 
or  by  treatment  of  the  alcohols  with  sulphuric  acid  (see 
p.  26). 
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2.  a)  Aldehydes,  CnH2„+1CHO  : 
CH20  =    H"CHO  Methaldehyde 
C2H40=    CH3"CHO  Ethaldehyde       21°  b.  p. 

C3H60  =    CH3"CH8"CHO  Propionaldebyde  59.5° 

q  it  a  _  (  CH3_CH3-CH2"CHO  Butyraldehyde  75° 

4    8        1  CH3~CH~CHt)  Isobutyraldehyde  68° 

CH3 

CH3"CH2"CH2"CH2_CHO  Normal  valeraldehyde  102° 
CH3~CH"CH2"CHO  Fermentation  valeraldehyde  93° 

CH3 

C6H120  Caproic  aldehyde  121° 
C,H140  (Enanthaldehyde. 

The  aldehydes  are  formed  by  the  oxidation  of  the  primary 
alcohols,  or  by  the  distillation  of  the  lime  salts  of  the  corre- 
sponding acid  with  calcium  formate.  Nascent  hydrogen 
converts  them  into  primary  alcohols.  They  are  easily  oxidized 
into  their  corresponding  acids,  not  only  by  the  ordinary  ox- 
idizing agents,  but  also  by  silver  oxide.  A  part  of  the  silver 
goes  into  combination  with  the  acid,  while  the  remainder  is 
precipitated  as  a  mirror  on  the  inner  surface  of  the  vessel. 

The  aldehydes  polymerize  very  easily,  two  or  three  molecules  uniting 
to  a  single  one.  It  is  supposed  that  this  polymerization  takes  place  in 
the  following  manner.  One  of  the  bindings  between  the  carbon  and  the 
oxygen  breaks.  Both  the  carbon  and  oxygen  thus  have  a  free  valence. 
These  free  bonds  are  then  neutralized  by  the  free  bonds  of  another  similar 
molecule,  the  bond  of  the  carbon  being  satisfied  by  the  bond  of  the  oxy- 
gen and  the  bond  of  the  oxygen  by  that  of  the  carbon  : 

CH3-CHO   gives  H3CTCH-0 
Ethyl  aldehyde  I  I 

0  ch-ch3 
H3C-CH-0 

Paraldehyde 

In  a  similar  manner,  two  molecules  of  aldehyde  condense  with  elimina- 
tion of  water  to  one  molecule  : 

2CH3-CHO   give   CHrCH=CH-CHO   and  H20. 

Crotonaldehyde 
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b)  Ketones,  C„H2n+2CO  : 

C3H6  0  =    CH3_CO~CH3  Acetone  58° 

C4H8  0  =    CH3"CO"C3H5  Methylethylketone  81° 

'CH3"CO"C3H7  Methylpropylketone  103° 

r  TT    o  -  J  C»H5~C0_C»H5  Diethylketone  104° 

°5    10    ~  1  CH3-CO_CH(CH3)2  Methylisopropylketone 

[  93.5°,  etc. 

Ketones  are  formed  by  the  oxidation  of  secondary  alcohols, 
and  by  the  distillation  of  salts  of  organic  acids.  Nascent 
hydrogen  converts  them  into  secondary  alcohols.  On  oxida- 
tion, they  fall  into  two  acids  of  lower  carbon  content,  the 
CO-group  remaining  with  the  smaller  rest  : 

CH3"CO"CH3  +  3  0  =  CHOOH  +  CH3"COOH 
C3H,"CO"CH3  +30=  C3H603  +  CH3~COOH. 

The  ketones  also  have  the  property  of  condensing  with  elimination  of 
■water  : 

2  CH3-CO-CH3  =  CH3_(TCH3 

CH-CO-CH3  +  H20. 

Mesityl-oxide 

3.  a)  Monobasic  acids,  C„H2„  +  1COOH  : 

CH202  =  HCOOH  F.  p.  +  8°  Formic  acid  B.  p.  99° 
C2H402  =  CH3"COOH  "  +  17°  Acetic  acid  "  118° 
C3H602  =  CH3_CH2-COOH  Propionic  acid  "  141° 
r  tt  n  _  j  CH3"CH3"CH2"COOH  Butyric  acid  "  163° 
^4HsU2  -  \  CH3"CH"COOH  Isobutyric  acid  "  154° 


CH 


C6H10O2  —  < 


Normal  valerianic  acid  "  185c 


CH3"CH-CH2"COOH 


CH3 


Valerianic  acid  "  175° 


p,  tt    n  —  i  Normal  caproic  acid, 

^6M12U2  —  ■<   


"  205° 

( Isocaproic  acid,  "  200° 
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C,  H1402  (Enanthylic  acid,  B.  p.  224° 

C8  H1602  Caprylic  acid,  B.  p.  236°       F.  p.  17° 

C9  H1803  Pelargonic  acid,  B.  p.  254°       F.  p.  12° 

C10H20O2  Capricacid,  B.  p.  270°       F.  p.  30° 

C12H2402  Laurie  acid,  F.  p.  44° 

C14H2803  Myristic  acid,  F.  p.  54° 

C ,  6  H  3  2  0 2  Palmitic  acid,  F.  p.  62° 

CinB.3i02  Margaric  acid,  F.  p.  60° 

ci8H36°2  Stearic  acid,  F.  p.  69° 

C20H40O3  Arachidic  acid,  F.  p.  75° 

C22H44°2  Behenic  acid,  F.  p.  76° 

C25H50O2  Hyaenicacid,  F.  p.  77° 

C2,H5402  Ceroticacid,  F.  p.  79° 

CsoHeo^  Melissic  acid,  F.  p.  91° 

The  lower  members  of  these  acids,  up  to  capric  acid,  are, 
with  the  exception  of  acetic  acid,  liquid  at  ordinary  tempera- 
tures. They  can  be  distilled  without  decomposition,  and 
produce  on  paper  a  grease -spot  which  vanishes  on  standing. 
They  are  soluble  in  water,  but  their  solubility  decreases  with 
their  increasing  content  of  carbon,  so  that  the  latter  members 
are  very  difficultly  soluble. 

The  higher  members  are  solid,  insoluble  in  water  and  solu- 
ble in  alcohol  and  ether.  They  produce  a  grease -spot  on 
paper,  which  does  not  disappear.  They  cannot  be  distilled 
without  decomposition. 

These  acids  are  formed  by  the  oxidation  of  their  corre- 
sponding primary  alcohols  and  aldehydes,  and  by  boiling  the 
proper  cyanides  with  bases  or  acids  : 

C2H5_CN  +  KOH  +  H20  =  C2H5C02K  +  NH3. 

Ethyl  cyanide  Potassium  propionate 

They  are  also  produced  by  boiling  their  esters  with  bases : 
C3H5(OCJ8H350)3  +  3  KOH  =  C3H5(OH)3 

Stearm  Glycerol 

-f-  3  Ct  8H35K02. 

Potassium  stearate 
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Lastly,  they  are  obtained  by  the  action  of  the  chlorides,  etc., 
on  sodium  aceto-acetic  ester,  and  decomposition  of  the  substi- 
tuted aceto-acetic  ester  thus  obtained  with  potassium  hydrox- 
ide.   (Compare  p.  92.) 

The  acids  are  converted  by  the  action  of  phosphorus  penta- 
chloride  into  aci-chlorides,  the  OH  being  replaced  by  CI : 

CH3"COOH  +  PC15  =  POCI3  +  CH3COCl  +  HC1. 

The  aci-chlorides  can  also  be  produced  by  the  action  of 
phosphorus  oxychloride  on  a  salt  of  the  acid.  Their  CI  is 
very  easily  replaced  by  other  elements  or  groups.  With  water, 
the  acid  is  regenerated. 

The  anhydrides  of  the  acids  are  obtained  by  the  action  of 
the  aci-chloride  on  a  salt  of  the  acid  : 

CH3"COCl  +  CH3-COO:Na  =  NaCl  +  CH3-CO"0_CO"CH3, 

or  by  the  action  of  phosphorus  oxychloride  on  an  excess  of  a 
salt  of  the  acid  : 

4  CH3"COONa  +  POCl3  =  NaP03  +  3  NaCl 
+  2(CH3CO)20. 

Acetic  anhydride 

The  acid  anhydrides  are  easily  decomposed.  With  water, 
they  yield  the  original  acid. 

Phosphorus  pentasulphide  converts  the  acids  into  thio- 
acids : 

5  CHrCOOH  +  P2S5  =  P205  +  5  CH3"COSH. 

Thioacetic  acid 

Thio-acids  are  decomposed  by  water  into  H2S  and  the  orig- 
inal acid.  With  alcohol,  they  produce  the  mercaptan  and  the 
acid  : 

CH3-COSH  +  H20  =  H2S  +  CH3"COOH 
CH3-COSH+C2H5HO=C2H5SH+CH3-COOH. 


The  specific  gravity  of  the  lower  fatty  acids  decreases  with  the  con- 
tent of  carbon  : 
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Acetic  acid,  Sp.  gr.  1.05  Caproic  acid,  Sp.  gr.  0.93 

Propionic  acid,  "  0.99  Heptylic  acid,  "  0.92 

Butyric  acid,  "  0.95  Octylic  acid,  "  0.91 

Valerianic  acid,  "  0.94  Nonylic  acid,  "  0.90 

Cm^^COOH  : 

C3H402  =    CH2=CH_COOH        Acrylic  acid     B.  p.  140° 
rCH3-CH=CH-COOH  Crotonic  acid      "  182° 
n  tt  n  _  I  CH2=CH"CH2"C02H  Isocrotonic  acid  "  172° 

^4Ji6U2  —  "S  /p/~v  tt 

CH2=C^gg2±1      Methylacrylic  acid  "  160° 

C  H  O        -i  AnSelic  acid        F-  P-  45°  B-  P-  1850 

5    8  8       I  Tiglic  acid  «  65°  "  198.5° 

(  Hydrosorbic  acid  "  208.5° 

C6H10O2      }  Pyroterebic  acid  "  207° 

(  Ethylcrotonic  acid  F.  p.  41° 

C16H30O2       Hypogseic  acid  "  33° 

C18H3402       Oleic  acid  "  14° 

C22H4202       Erucic  acid  "  34° 

These  acids  are  distinguished  from  the  preceding  ones  con- 
taining the  same  amount  of  carbon,  by  containing  two  atoms 
of  hydrogen  less.  They  are  hence  unsaturated  acids,  and 
have  the  power  of  uniting  with  two  atoms  of  CI,  Br,  or  I. 
They  break  on  fusion  with  KOH  into  two  acids  of  lower 
series,  the  molecule  generally  breaking  at  the  double  binding  : 

CH2=CH-COOH  +  2  KHO  =  CHK02  +  C2H3K02  +  2  H. 

Potassium  Potassium 
formate  acetate 

The  higher  acids  of  this  series  are  called  oil-acids. 
b)  Monobasic  acids  containing  alcoholic  hydroxyl,  glycollic 
acids,  CnH2B(OH)COOH  : 

C2H403  =    CH8(OH)-COOH         Glycollic  acid 
C  H  O  =  ■!  CH2(OH)-CH2-COOH  Paralactic  acid 

3    6  3     ( CH3-CH(OH)-COOH    Lactic  acid 
C^HgO^  Buty lactic  acid 

C  6  H  j  2  O  3  Leucic  acid 
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c)  Dibasic  acids,  CH2n  +  8(COOH). 


C2H204 
C3H404 

C4H60 


C5H804 
C,H1204 

C8H1404 

Ci0Hi8O4 
CnH3304 


Oxalic  acid 

Malonic  acid             F.  p.  132° 

Succinic  acid  "  180° 

Isosuccinic  acid  "  130° 

Glutaric  acid  "  97° 

Pyrotartaric  acid  "  112° 

Ethyl-malonic  acid  "  112° 

Dimethyl-malonic  acid  "  170° 

Adipic  acid  "  148° 

Pimelic  acid  "  114° 

Suberic  acid  "  140° 

Sebacic  acid  "  127° 

Eocellic  acid  "  132° 


d)  Dibasic  acids  with  alcoholic  hydroxyl 
C4H605 


CH2"COOH 
CH(OH)_COOH 
CH(OH)_COOH 
CH(OH)"COOH 


Malic  acid 
Tartaric  acid. 


e)  Tribasic  acids 


C6H80,,  Citric  acid. 

When  the  salt  of  an  organic  acid,  either  alone  or  mixed 
with  the  salt  of  another  organic  acid,"  is  submitted  to  dry 
distillation,  a  ketone  is  produced.  If  one  of  the  salts  is  a 
formate,  an  aldehyde  is  obtained.  An  aldehyde  may  be 
considered  as  a  ketone  in  which  one  of  the  hydrocarbon  rests 
is  replaced  by  H  (compare  p.  112). 


4)  Esters  (compound  ethers) : 
C2H40  =  CH02"CH3         Methyl  formic  ester      B.  p.  33° 


192 


RETROSPECT. 


j  CH02~C2H5     Ethyl  formic  ester     B.  p.  55° 
(C2H302~CH3  Methyl  acetic  ester  55° 
rCHOg'Cgll,     Propyl  formic  ester  77° 
•<  C2H302~C2H5  Ethyl  acetic  ester 
(  C3H502~CH3   Methyl  propionic  ester 
'CH02~C4H9     Isobutyl  formic  ester  abt.  100° 
C2H302"C3H7  Propyl  acetic  ester  102° 
C3H502~C2H5  Ethyl  propionic  ester  99° 
C4H,,02"CH3   Methyl  butyric  ester    95°,  etc. 

The  higher  members  of  the  esters  form  many  isomers. 
They  are  isomeric  with  the  fatty  acids,  from  which  their  con- 
stitution differs  chiefly  in  their  possessing  a  carbon  atom 
which  is  not  bound  directly  to  another  carbon  atom,  but  is 
linked  by  means  of  an  atom  of  oxygen.  They  are  made  (1)  by 
distilling  a  salt  of  a  fatty  acid  (usually  a  sodium  or  silver  salt) 
with  a  mixture  of  sulphuric  acid  and  the  alcohol ;  (2)  By 
digesting  the  salt  with  the  chloride,  bromide,  or  iodide  of  a 
hydrocarbon  ;  (3)  By  saturating  a  mixture  of  the  acid  and 
alcohol  with  chlorhydric  acid  gas  and  distilling.  On  boiling 
with  a  solution  of  potassium  or  sodium  hydroxide,  they  are 
decomposed  into  the  salt  of  the  acid  and  the  alcohol.  Am- 
monia converts  them  into  the  amide  and  alcohol. 


C3H6    02  = 

C4H8  02  — 

C6H10O2 


Amino  Bases. 

CH3~NH2  Methylamine 

(CH3)2NH  Dimethylamine 

(CH3)3N  Trimethylamine      B.  p.  9° 

C2H5"NH2  Ethylamine  B.  p.  19° 

(C2H5)(CH3)NH  Methylethylamine 

(C2H5)2NH  Diethylamine         B.  p.  57° 

(02H5)3lSr  Triethylamine        B.  p.  96° 

C3H7(NH2)  Propylamine  and  Isopropylamine 
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C4H9(NH2)  Butylamine  and  Isobutylamine 

C5Hj  j  (NH 2 )  Amylamine 

(C5Hjj)2NH  Diamylamine 

(CgHj  j)sN  Triamylamine 


CH2(NH2) 

CH2(NH2) 
CH2_NH-CHS 

CH„"NH"CH« 


Ethylenediamine 
Diethlenediamine,  etc. 


The  amines  possess  basic  properties,  form  salts  with  acids, 
and  give  with  platinic  chloride  difficultly  soluble  double  salts, 
e.g.  (CH3_NH2.HCl)2PtCl4. 

The  ammonium  bases,  (CH3)4NT,  are  characteristic  of  the 
penta- valence  of  nitrogen. 

The  primary  amine  bases  can  be  converted  into  the  second- 
ary, the  latter  into  the  tertiary,  and  these  into  the  ammonium 
compounds.  The  amines  can  be  distilled  without  decomposi- 
tion, but  the  ammonium  bases  break  thereby  into  tertiary 
amines,  hydrocarbons  of  the  series  C„H2„  and  water  : 

(C2H5)4NOH  =  (C,H8),N  +  C2H4  +  H20. 

Tctra-ethyl  ammonium    Tri-ethylamine  Ethylene 
hydroxide 

The  only  exception  to  this  rule  is  tetramethylammonium  hydroxide, 
which  yields  CH40,  methyl  alcohol,  instead  of  CH2,  H20  and  trimethyl- 
amine. 

We  can  ascertain  whether  an  amine  is  primary,  secondary 
or  tertiary,  by  attempting  to  convert  it  into  the  tetra-substi- 
tuted  ammonium  salt.  The  base,  C3H9N,  for  instance,  may 
be  trimethylamine,  (CH3)3N,  (tertiary) ;  or  methylethylamine, 
CH3"NH"C2H5,  (secondary) ;  or  propylamine,  C3H,"NH2, 
(primary).  On  digestion  with  ethyl  iodide  to  saturation,  we 
obtain  in  the  first  case  a  compound  (CH3)3(C2H5)NI ;  in 
the  second  case,  C2H5(CH3)(C2H5)2NI  ;  in  the  third  case, 
C3H7(C2H5)3NI.  These  are  all  different  bodies.  If,  there- 
fore, only  one  H  can  be  substituted  by  an  ethyl-group, 
13 
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the  compound  is  a  tertiary  amine,  if  two  H's,  a  secondary,  if 
three,  a  primary. 

In  the  same  manner  that  amines  are  derived  from  alcohols 
by  the  replacement  of  the  hydroxyl  by  the  amido-group, 
amides  are  derived  from  acids  by  the  replacement  of  the  hy- 
droxyl of  the  carboxyl  by  the  amido-group  : 

CH3-CH8(OH)  CH3-OH2(NH2) 

Ethyl  alcohol  Ethylamine 

CH3-CO(OH)  CH3_CO(NH2) 

Acetic  acid  Acetamide 

CHO~NH2  Formamide 

CH3~CO~NH3  Acetamide 

(CH3~CO)2NH  Diacetamide 

(CH3"CO)3N  Triacetamide. 

The  phosphines,  stibines,  and  arsines  correspond  in  consti- 
tution to  the  amines. 

Cyanides. 

CH3~CN  Methyl  cyanide,  Acetonitrile 

C2H5"CN  Ethyl  cyanide,  Propionitrile 

C3H,~CN  Propyl  cyanide,  Butyronitrile 

C4H9~CN  Butyl  cyanide,  Valeronitrile. 

The  cyanides  are  obtained  by  the  action  of  potassium  cyan- 
ide on  the  chlorides,  etc.,  of  the  hydrocarbons.  On  boiling 
with  acids  or  alkalis,  they  are  converted  into  the  acids  of  the 
next  higher  series  (and  ammonia)  : 

CH3~NC  Methyl  isocyanide 

C2H5"]SrC  Ethyl  isocyanide 

C3H1~NC  Propyl  isocyanide 

C4H9~NC  Butyl  isocyanide,  etc. 

The  isocyanides  are  formed  together  with  the  cyanides. 
They  are  also  produced  by  the  action  of  two  molecules  of 
silver  cyanide,  one  molecule  of  an  iodide,  or  by  the  action  of 
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chloroform  on  the  primary  amines  in  the  presence  of  potas- 
sium hydroxide.  They  decompose  easily  into  the  amines  and 
formic  acid. 

Corresponding  to  two  series  of  cyanides,  there  are  two  series 
of  cyanates  and  sulphocyanates  : 

CH3~N=CO  Methyl  cyanate 

CH3~0~CN  Methyl  isocyanate 

CH3_N=CS  Methyl  mustard  oil 

CH3~S~CN  Methyl  sulphocyanate,  etc. 

Nitro-Compounds. 

These  compounds,  which  are  isomeric  with  the  nitrous 
esters,  are  obtained  by  the  action  of  silver  nitrite  on  the 
iodides.    Nascent  hydrogen  converts  them  into  amines. 

Sulphonic  Acids. 

CH3~S03H  Methyl  sulphonic  acid 

C2H5~S03H  Ethyl  sulphonic  acid 

C3H7"S03H  Propyl  sulphonic  acid 

CH2=(S03H)2  Methylene  sulphonic  acid. 

The  sulphonic  acids  are  isomeric  with  the  primary  sulphur- 
ous esters.  Their  ammonium  salts  are  obtained  by  digesting 
neutral  ammonium  sulphite  with  the  alkylogens. 

There  remain  still  to  be  mentioned,  the  metallo-compounds 
of  the  hydrocarbons,  of  which  the  zinc  and  mercury  com- 
pounds are  the  principal. 

(CH3)3Zn  Zinc  methyl 

(C2H5)2Zn  Zinc  ethyl 

(CH3)2Hg  Mercury  methyl 

(C2H5)2Hg  Mercury  ethyl. 

They  are  produced  by  the  action  of  the  metal  on  the  iodides. 
Owing  to  the  great  ease  with  which  the  metal  is  substituted 
by  other  elements  or  atomic  groups,  they  are  well  suited  to 
the  production  of  new  compounds. 


Aromatic  Compounds. 


"We  come  now  to  a  class  of  compounds  which  differ  con- 
siderably in  their  behavior  from  the  substances  we  have  thus 
far  considered,  and  which  are  generally  termed  the  fatty  series. 
On  the  average,  the  aromatic  compounds  are  richer  in  carbon 
than  the  fatty  compounds.  The  chief  products  which  they 
yield  on  decomposition  belong  to  the  same  class.  They  can- 
not be  converted  into  the  fatty  compounds  without  suffering 
the  most  vital  decomposition  of  the  molecule.  Neither  can 
the  fatty  compounds  be  converted  into  the  aromatic  com- 
pounds except  by  reactions  which  cannot  be  represented  by 
chemical  formulas. 

While  the  fatty  compounds  are  derived  from  methane,  the 
aromatic  compounds  are  derived  from  a  hydrocarbon  of  the 
formula,  C6H6,  which  belongs  to  the  CMH2)1_6  series.  The 
most  generally  adopted  constitution  of  this  body  is  that  each 
of  the  six  carbon  atoms  is  bound  to  two  other  carbon  atoms, 
to  one  of  them  by  one  bond,  to  the  other  by  two  bonds,  form- 
ing a  closed  chain,  or  ring. 

H 

A  . 

H-6      C-H      01  CH\CH-cV0H 
H 

This  hydrocarbon  is  called  benzene.  A  hydrogen  atom  is 
united  to  each  carbon  atom.    The  ring  cannot  be  broken  by 
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ordinary  reactions.  The  double  binding,  however,  can  be 
dissolved  and  another  mono-valent  atom  united  with  each 
carbon  atom. 

The  six  hydrogen  atoms  on  the  benzene  ring  are  capable  of 
substitution,  and  far  more  easily  than  those  of  methane. 

If  we  replace  a  hydrogen  atom  by  chlorine,  we  shall  obtain 
C6H5C1: 

H 

A 

H-C  CTH 
ii  i 

W 
CI 

No  matter  with  which  carbon  atom  the  chlorine  unites,  it 
is  surrounded  by  five  hydrogen  atoms.  In  every  case  it  has 
the  same  position.  Hence,  only  one  compound  of  the  formula, 
C6H5C1,  is  possible.  The  same  is  the  case  when  instead  of 
the  chlorine  we  have  a  hydroxyl-group,  CcH5OH;  or  an 
amido-group,  C6H5]NrH2  ;  or  a  methyl-group,  C6H5CH3  ;  or 
a  carboxyl  -group,  CGH5  CO  OH.  If  only  one  atom  of  hydro- 
gen of  the  benzene  nucleus  is  replaced  by  a  mono-valent  ele- 
ment, or  atomic  group,  no  matter  how  complicated  it  may  be, 
only  one  compound  is  possible. 

We  shall  mention  here  a  chemically  characteristic  peculiarity 
of  the  aromatic  hydrocarbons  and  their  derivatives,  which 
sharply  defines  them  from  the  fatty  compounds.  We  have 
seen  that  the  hydrogen  of  the  fatty  compounds  is  substituted 
directly  only  with  difficulty.  Chlorine  and  bromine,  it  is 
true,  have  the  power  of  substituting  the  hydrogen,  but  to 
produce  new  derivatives,  it  is  necessary  to  use  the  chlorides, 
bromides  or  iodides,  or  salts  of  the  primary  sulphuric  esters. 
It  is  particularly  to  be  remarked  that  when  nitric,  or  sulphuric 
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acids  act  on  the  fatty  compounds,  the  hydrogen  of  the  fatty 
compound  does  not  unite  with  the  hydroxyl  of  the  acid  to 
form  water  and  a  substitution  product  arising  from  the  re- 
placement of  the  H  of  the  fatty  compound  by  the  rest  of  the 
acid  (j.  e.,  the  acid  minus  hydroxyl).  Nitric  acid,  for  in- 
stance, does  not  yield  with  methane,  water  and  a  compound 
CH3~N03,  nitromethane, 

CH4  +  N02OH   does  not  yield    CH3N02  +  H20. 
Neither  does  sulphuric  acid  produce  a  sulphonic  acid  : 
CH4  +  S02<^^    does  not  yield    S02<^|3  +  H20. 

Nitromethane  and  methylsulphonic  acid  are  both  known,  but  they  are 
formed  by  entirely  different  reactions,  the  former  by  the  action  of  silver 
nitrite  on  methyl  iodide,  and  the  latter  by  the  action  of  ammonium  sul- 
phite on  methyl  iodide  (compare  p.  39). 

The  aromatic  bodies,  however,  behave  in  a  very  different 
manner.  Their  hydrogen  is  easily  replaced  by  the  rests  of 
nitric  and  sulphuric  acids,  so  that  the  nitro-  and  sulphonic 
acid  derivatives  can  be  obtained  by  direct  action.  The  only 
fatty  compounds  acted  on  by  nitric  and  sulphuric  acids  are  the 
alcohols,  and  the  products  are  esters.  The  difference  between 
the  nitro-  and  sulphonic  acid  compounds  and  the  esters  lies 
in  the  carbon  and  sulphur  being  bound  directly  with  the  car- 
bon in  the  former,  while  in  the  latter  they  are  not  bound 
directly,  but  linked  by  means  of  oxygen  : 

C2H5OH  +  SO.^g  =  SO,</S&Hb  +  H20 


QH  _  ^2^on 

Ethyl  alcohol      Sulphuric  acid         Ethyl  sulphuric  acid 

C6H6  +  S02<^g  =  SO.^gjP*  +  H30 

Benzene      Sulphuric  acid      Benzene  sulphonic  acid 

2  C2H5OH  +  SO,<^g  =  SO,/gg«gj  +  2  H20 

Ethyl  sulphuric  ester 
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2  C6H6  +  SOt/°g  =  SO,^«g«  +  2  H20 


OH  ~  wv»\CeH6 

Sulphobcnzide 

C2H5OH  +  N02OH  =  N02-0"C2H5  +  H20 

Ethyl  nitric  ester 

C6H6  +  N02OH  =  N02-C6H5  +  H20. 

Nitrobenzene 

The  difference  between  the  nitro-  and  sulphonic  acid  compounds,  and 
the  nitrous  and  sulphurous  esters  isomeric  with  them,  appears  plainly  in 
the  products  which  are  formed  by  their  reduction  with  nascent  hydrogen. 

N_CH3  isomeric  with  0=N-CrCH3.    Both  are  CH3N02. 
Methyl  nitrous 


A 

Nitromethane 

HO-S-CH3  isomeric  with  CH3-0-S-H.    Both  are  CH4SOs. 

A  A 

Methylsulphonic  acid  Methyl  sulphurous 

ester 

When  the  nitrogen  and  sulphur  are  bound  directly  to  carbon,  as  is  the 
case  with  the  nitro-  and  sulphonic  acid  compounds,  these  elements  re- 
main bound  to  the  carbon  on  reduction,  and  the  oxygen  which  was  in 
combination  with  them  is  replaced  by  hydrogen  : 

N"CH3   gives    H2N~CH3  +  2  H20, 
Methylamine 


HO_S-CH3  gives   HS"CH3  +  3  H20  ; 

A Methyl  mer- 
captan. 

When,  however,  the  binding  is  not  direct  but  indirect,  i.e.,  consists  of 
a  linking  by  oxygen,  as  is  the  case  in  the  nitrous  and  sulphurous  esters, 
the  nitrogen  and  sulphur  break  off,  the  hydrogen  unites  with  the  oxygen, 
and  an  alcohol  is  produced  : 

0=N_0-CH3   gives   HOCH3  +  NH3  +  H20, 

Methyl  alcohol 

CH3-<rS-H   gives   HOCH3  +  H2S  +  2  H20. 

A Methyl  alcohol 
I 

Many  benzene  derivatives  yield  with  nitrous  acid,  or  its  esters,  com- 
pounds in  which  an  H  of  the  benzene-nucleus  is  replaced  by  the  rest  of 
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nitrous  acid,  NO.  These  derivatives  are  called  nitroso-compounds.  Nitric 
acid  oxidizes  them  to  nitro-eompounds. 

We  have  seen  that  there  can  be  only  one  chlorbenzene,  one 
hydroxylbenzene,  one  nitrobenzene,  one  benzene  sulphonic  acid, 
one  methylbenzene,  one  carboxylbenzene,  &c. 

The  case  is  different,  however,  when  two  hydrogen  atoms 
of  benzene  are  replaced  by  two  mono-valent  atoms,  or  groups, 
as  the  relative  position  of  the  two  substituting  elements  has  a 
great  influence  on  the  nature  of  the  compound  which  is 
formed.  Let  us  take  the  simplest  case,  the  one  in  which  two 
atoms  of  the  hydrogen  in  benzene  are  replaced  by  two  chlorine 
atoms.  We  find  that  there  are  three  modifications  of  this 
compound  : 


CI  CI  CI 


>ci 


HC6    2CC1  HC6    gCH  HC6  2CH 

HC5    3CH     2)     HC5    3CCI     3)     HC,  3CH 

\y  \y  \y 

H  H  CI 

Or         1)  COl .  CC1 .  CH  .  CH  .  CH  .  CH 

2)  CC1  .  CH  .  CC1  .  CH  .  CH  .  CH 

3)  CC1 .  CH  .  CH  .  CC1 .  CH  .  CH 

If  we  represent  the  upper  C  by  1,  and  count  to  the  right,  we 
can  represent  these  compounds  as  follows  : 

1)  C6H4  j  2  CP       ^  ^6H4  j^Qp       3)  C6H4|^}. 

A  fourth  compound  is  not  possible,  since  1 .  5  is  the  same  as 
1 .  3,  both  of  the  chlorine  atoms  being  separated  by  an  H.  In 
the  same  manner  1 .  6  is  the  same  as  1 .  2.  The  two  entering 
atoms,  or  groups,  are,  then,  either  adjacent  (1.  2,  1.  6),  or 
separated  by  one  H  (1.3,  1.5),  or  separated  by  two  H's 
(1 .  4).    In  the  latter  case  they  are  directly  opposite. 
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Consequently  there  are  theoretically  possible  : 

Three  dichlorbenzenes, 

Three  dihydroxylbenzenes, 

Three  diamidobenzenes, 

Three  chlorhydroxylbenzenes, 

Three  chloramidobenzenes,  ,, 

Three  amidonitrobenzenes, 

Three  dinitrobenzenes,  etc. 

The  di-substitutions  of  benzene  are  classified  as  follows : 
When  the  substitutions  are  adjacent  (1.2,  1 .  6),  the  compound 
is  called  ortho  ;  when  separated  by  one  H  (1 .  3,  1 .  5),  meta; 
when  separated  by  two  H's  (1 .  4)  para.  In  writing  the 
formulas,  the  names  are  expressed  by  small  letters  : 

o  C8H4C12,  Orthodichlorbenzene, 
mC 6  H4  (NO  2 )  2  >  Metadinitrobenzene, 
p  C6H4Cl]SrOg,  Parachlornitrobenzene. 

The  tri-substitutions  of  benzene  are  named  in  the  same 
manner  : 

op  C6H3C13  is  C6H3C13  1.2  .  4. 

There  are  also  three  tri-substitutions  of  benzene  when  the 
three  entering  atoms,  or  atomic  groups,  are  the  same  : 

CI  CI  CI 

/°\  /\  /\ 

HC      CC1  HC      CC1  HC  CH 

HC      CC1  HC      CH  CIO  CC1 

V         V  \^ 

H  CI  H 

( 1  CI  ( 1  CI  (  1  CI 

or  :    1)  C6H3  1  2  CI,    2)  C6H3  \  2  CI,    3)  C8H3  1  3  CI. 

/  3  CI  (  4  CI  (  5  CI 

1  .  2  ,  5  is  the  same  as  1  .  2  .  4,  and  1  .  2  .  6  =  1  .  2  .  3. 
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If  the  substituting  atoms  or  groups  ai*e  different,  the  number  of  iso- 
mers is  much  greater.  If  two  of  them  are  different,  there  will  be  six  iso- 
mers ;  if  all  three  are  different,  there  will  be  ten  isomers. 

The  number  of  isomers  of  tetra-substitutions,  when  all  the 
atoms  or  groups  are  the  same,  is  the  same  as  in  the  case  of  di-sub- 
stitutions.  If  the  substituting  elements,  or  groups,  differ  among 
themselves,  the  number  of  isomers  will  be  greater  than  in  the  case 
of  tri-substitutions.  When  only  one  H  remains  unsubstituted, 
i.e.  Avhen  five  of  the  H's  are  substituted  by  the  same  atoms  or 
groups,  only  one  compound  is  possible.  If  the  atoms  differ 
among  themselves,  there  will  be  a  greater  number  of  isomers. 

If  one  or  more  H's  of  benzene  are  replaced  by  CH3,  the 
substitution  of  CI,  etc.,  can  take  place  either  in  the  benzene- 
nucleus,  or  in  the  methyl-group  {side-chain)  giving  rise  to  a 
new  form  of  isomerism  : 


The  striking  differences  between  these  two  kinds  of  compounds  will  be 
explained  later  on. 

If  an  H  of  the  benzene  is  replaced  by  an  ethyl  instead  of  a 
methyl,  we  shall  have  still  a  new  form  of  isomerism,  for  the 
ethyl-benzene  is  isomeric  with  each  of  the  three  di-methyl- 
benzenes : 


Benzene,  Benzol,  C6H6.  Nearly  all  organic  bodies  yield 
benzene  at  a  red  heat.  It  is  formed,  therefore,  in  the  manufac- 
ture of  illuminating  gas,  and  is  contained  in  the  tar,  from 
which  it  is  obtained  by  distillation.  It  is  also  produced  when 
a  mixture  of  the  first  carboxyl  derivative  of  it,  benzoic  acid, 
C6H5"COOH,  and  an  alkali  are  submitted  to  dry  distillation. 


C6H5  C2H5. 
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This  reaction  is  exactly  analogous  to  the  formation  of  methane 
from  acetic  acid  : 

CH  "COONa  +  NaHO  =  CH4  +  Na8COs 

Sodium  acetate 

C6H?-COONa  +  NaHO  =  C6H6  +  Na8C03. 

Sodium  benzoate 

Benzene  (formerly  also  called  benzine)*  is  a  colorless  liquid 
boiling  at  80.5°.  It  is  strongly  refractive,  and  has  a  peculiar 
aromatic  odor  and  taste.  Its  sp.  gr.  is  0.88.  It  is  easily 
inflammable,  burning  with  a  strongly  luminous,  smoky  flame. 
At  0°  it  solidifies  to  a  crystalline  mass,  which  fuses  at  8°.  It 
is  insoluble  in  water,  miscible  with  alcohol  and  ether,  and  dis- 
solves sulphur,  phosphorus,  iodine,  fats,  resins,  etc.  It  is  used 
in  technology  as  the  starting-out  point  for  the  production  of 
aniline  and  the  coloring  matters  derived  from  it.  If  chlo- 
rine is  passed  through  benzene,  addition-products  are  formed, 
viz. :    C6H6C12,  C6H6C14,  and  finally,  C6H6C16. 

The  double  bindings  are  successively  dissolved  : 


H  CI 


Benzene  hexachloride 

If  molybdenum  pentachloride  or  iodine  is  added  to  the  ben- 
zene, the  chlorine  substitution-products  are  formed.    In  the 


*  The  term  "  benzine "  is  now  used  to  designate  the  distillates  of 
petroleum  going  over  between  70°-100°,  and  which  consist  of  a  mixture 
of  hydrocarbons  of  the  CnH2n+2,  and  CH2n  series,  principally  of  CoH14, 
CflHu,  C7Hi6,  C7H14,  etc. 
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former  case,  chlorine  tri-iodide  is  formed,  which  causes  the 
substitution ;  in  the  latter  case  the  molybdenum  chloride  gives 
up  a  part  of  its  chlorine  to  the  benzene,  and  is  regenerated  by 
the  chlorine,  which  is  being  continually  introduced.  The  first 
substitution  product  is 

Monochlorbenzene,  CGH5C1.  This  product  is  obtained  when 
the  action  of  the  chlorine  has  not  been  of  too  great  duration. 

Chlorbenzene  can  also  be  obtained  by  the  action  of  phos- 
phorus chloride  on  the  hydroxyl-derivative  of  benzene  (phenol) : 

3  C6H5(OH)  +  PC13  =  3  C6H5C1  +  P(OH)3. 

It  is  a  colorless  liquid  boiling  at  132°.  Like  most  of  the 
chlorides  of  the  aromatic  compounds,  it  differs  from  the  chlo- 
rides of  the  fatty  compounds  in  its  chlorine  being  very  strongly 
bound,  and  hence  not  easily  substituted.  Neither  alcoholic 
potassa,  silver  salts,  nor  ammonia  react  with  it.  Nascent 
hydrogen  converts  it  back  into  benzene.  A  mixture  of  chlor- 
benzene and  methyl  iodide,  treated  with  sodium,  yields  methyl- 
benzene  : 

C6H5C1  +  CH3I  +  Na3  =  C6H5-CH3  +  NaCl  +  Nal. 

In  the  same  manner  chlorbenzene  when  digested  with 
sodium  gives  diphenyl:  * 

C6H5C1  +  C6HSC1  +  Na2  =  C6H5-C6H5  +  2  NaCl. 

We  shall  meet  this  reaction  frequently. 

Diphenyl,  CHrCeEU,  or  C12H,„,  crystallizes  in  colorless  leaflets  fus- 
ing at  70°  and  distilling  at  254°.  Like  benzene,  it  is  the  starting-out  point 
for  a  vast  number  of  derivatives. 

DicMorbenzene,  C6H4C12.  All  three  are  known.  Two  of 
them,  the  para-compound  (1 .  4)  principally,  and  the  ortho- 


The  benzene  rest,  C6H5",  is  called  phenyl. 


CHLOIl-  AND  BROMBENZENES. 
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compound  in  lesser  amounts,  are  formed  by  the  continued 
action  of  chlorine  on  benzene  in  the  presence  of  iodine. 

o  C6H4Cb  boils  at  179° ;  m  C«H4C19  boils  at  172" ;  p  C6H4C12  is  solid,  and 
fuses  at  54°  and  boils  at  173°. 

Triclilorbenzene,  C6H3C13,  is  also  known  in  all  three  mod- 
ifications. 

The  orthopara  (1.2.4)  is  formed  by  the  continued  action  of  chlorine 
on  benzene.  It  fuses  at  17°  and  boils  at  213°.  The  second,  metameta 
(1.3.  5),  is  obtained  by  the  decomposition  of  trichloraniline.  It  fuses  at 
63°  and  boils  at  208°.  The  third,  orthometa  (1.2.  3),  fuses  at  53°,  and 
boils  at  218°. 

Tetraclilorbenzene,  C6H2C14,  is  known  in  its  three  modifi- 
cations. 

1)  (1 .  2 .  4  .  5)  is  produced  by  the  action  of  chlorine  on  benzene.  Crys- 
tals fusing  at  138°  and  boiling  at  246°. 

2)  (1  .  2  .  4  .  G)  needles  fusing  at  51°  and  boiling  at  246°. 

3)  (1.2.3.4)  crystals  fusing  at  46°  and  boiling  at  254°. 

Pentaclilorbenzene,  C6HC15.  Needles  fusing  at  85°  and 
boiling  at  270°. 

Perchlorbenzene,  C6C16,  is  the  final  product  of  the  action  of 
chlorine  on  benzene.    It  fuses  at  226°  and  boils  at  332°. 

Monobrombenzene,  C6H5Br,  is  formed  when  bromine  is  al- 
lowed to  act  on  benzene  for  some  time  (14  days).  It  is  a  liquid 
boiling  at  154°. 

At  a  higher  temperature  substitution-products  richer  in 
bromine  are  formed.    Most  of  them  are  solid. 

All  three  of  the  dibrombenzenes,  CGH4Br2,  are  known.  Two  of  them 
(1 .  2,  b.  p.  224°,  and  1 .  3,  b.  p.  219°),  are  liquids.  The  third  (1 .  4)  is 
solid,  fusing  at  89°  and  boiling  at  219°. 

Tribrombenzenes,  C6H3Br3.  1)  1 .  2  .  4  fuses  at  44°  and  boils  at  276°. 
2)  1 .  2  .  3  fuses  at  87°.    3)  1.3.5  fuses  at  119°  and  boils  at  278°. 

Tetrabrombenzenes,  CABr,.  1)1.2.3.5  fuses  at  99°.  2)  1 .  2 .  4 .  5 
fuses  at  140". 
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Pentabrombenzene,  CcHBrs,  fuses  above  240°. 
Hexabrombenzsm,  C6Br6,  fuses  above  300°. 

Mono-iodobenzene,  C6H5I,  and  substitution-products  richer  in 
iodine  are  formed  when  iodine  is  allowed  to  act  on  benzene  in 
the  presence  of  iodic  acid.  C6H5I  is  liquid  (b.  p.  185°).  The 
others  are  solid. 

Chlorbrombenzenes,  CoH^ClBr,  etc.,  are  also  known. 

Nitrobenzene,  C6Hg~N02.  If  benzene  is  added  to  fuming 
nitric  acid  as  long  as  it  dissolves,  and  the  solution  then 
poured  into  water,  nitrobenzene  is  precipitated  in  the  form  of  a 
heavy,  light-yellow  oil.  It  has  a  pleasant  odor,  resembling 
that  of  bitter  almonds.  It  boils  at  205°,  and  is  insoluble  in 
water  and  soluble  in  alcohol  and  ether.  It  is  used  in  perfumery 
under  the  name  of  "  oil  of  mirbane,"  and  also  for  the  pro- 
duction of  aniline. 

Reducing  agents  convert  the  nitro-group  into  the  amido- 
group.  Nitrobenzene  is  thereby  converted  into  amidobenzene, 
or  aniline. 

C6H5-N03  +  3  H3  =  C6H5"NH2  +  2  KLO. 

Dinitrobenzene,  C6H4(N02)2,  is  formed,  when  benzene  is 
added  to  a  mixture  of  nitric  and  sulphuric  acids. 

The  ortho-compound  fuses  at  118°,  the  raeta-  at  90\  and  the  para-  at 
172°. 

Reducing  agents  convert  it  first  into  nitro-amidobenzene,  or 
nitraniline,  C6H4(]Sr02)NH2,  and  then  into  the  di-amido- 
benzene,  C6H4(NH2)2. 

Substitution  products  which  contain  chlorine,  bromine,  and  the  nitro- 
group  are  also  known. 

Benzenesulphonic  acid,  C  6  H  6  SO  3  H,  is  produced  by  digesting 
benzene  with  concentrated  sulphuric  acid  : 

C6H6  +  H2S04  =  C6H5-S03H  +  H20. 


PHENOL. 
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It  forms  deliquescent  crystals  containing  1 3  molecules  of  water. 
It  is  a  monobasic  acid,  and  forms  crystalline  salts  with  bases. 
Nitric  acid  nitrates  it.  Phosphorus  pentachloridc  converts  it 
into  benzenesulphochloride,  C6H5~S03C1,  which,  by  the  ac- 
tion of  ammonia,  is  converted  into  benzenesulpliamide, 
CcH5"S03(NH2),  (f.  p.  153°),  by  the  action  of  zinc  dust, 
into  zinc  benzenesulpliinatc,  Zn(CcH5~S02)s,  and  by  zinc 
and  HC1  into  CBH5~SH,  phe?iolsulphydrate,  corresponding 
to  the  mercaptan  of  the  fatty  series. 

As  we  have  already  seen  (p.  199),  the  sulphur  in  sulphonic  acids  is 
bound  directly  to  the  carbon.  Hence  the  reduction  takes  place  in  a  man- 
ner analogous  to  that  of  the  nitro-compounds  : 

CoHrNO,    is  reduced  to  C,H5_NH, 
CoHrSO.H       «      "  CCH5-SH 

On  heating  benzene  with  fuming  sulphuric  acid,  there  is 
formed, 

Benzenc-disnlphonic  Acid,  C6H4(S03H)2.  It  is  a  dibasic 
acid.    The  three  modifications  are  known. 

Benzenetrisulphonic  acid  has  also  been  obtained. 

By  heating  benzene  with  sulphuric  anhydride,  we  obtain 
Sulphobenzide,  DiphenylsulpJione,  CGH5"S02"C6H5,  which 
fuses  at  128°.    It  is  no  longer  an  acid,  as  both  of  the  hydrox- 
yls  of  the  sulphuric  acid  are  replaced  by  the  group  C6H5. 

Phenol,  Carbolic  Acid,  Hydroxylbcnzene,  C6Hs"OH.  Phenol 
is  the  chief  constituent  of  heavy  coal-tar,  and  is  produced  on 
a  large  scale.  It  crystallizes  in  long  colorless  needles  fusing  at 
42°  and  boiling  at  182°.  It  possesses  an  unpleasant  and  cling- 
ing odor,  and  a  burning  caustic  taste.  Its  sp.  gr.  is  1.065. 
On  exposure  to  the  air  it  gradually  turns  red.  A  small  amount 
of  water  prevents  it  from  crystallizing.  It  is  soluble  in  15 
parts  of  water.  It  is  very  poisonous,  coagulates  albumen,  and 
produces  blisters  on  the  skin.    Solutions  of  ferric  salts  are 
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colored  intensely  violet  by  it.  A  slip  of  pine-wood  moistened 
with  chlorhydric  acid,  and  then  clipped  in  phenol  and  exposed  to 
the  sunlight,  becomes  blue.  Bromine  produces,  even  in  dilute 
solutions,  a  white  precipitate  of  tribromphenol.  It  is  used  in 
medicine,  and  as  a  disinfecting  and  antiseptic  agent,  and  also 
in  the  production  of  numerous  colors. 

The  hydroxyl-derivatives  of  the  benzene  series  are  called 
phenols,  as  they  differ  considerably  from  the  alcohols  of  the 
fat  series,  although  they  are  really  a  class  of  tertiary  alcohols. 
They  possess  quite  strong  acid  properties,  and  unite  easily 
with  metals  to  form  species  of  salts.  Phenol  dissolves  in 
sodium  hydroxide  solution,  forming  sodium  phenoxide  or 
phenylate,  C6H5ONa.  It  dissolves  lead  oxide,  producing 
lead  phenoxide,  (C6H50)2Pb.  If  CI,  Br,  I,  orN02,  ispresent 
besides  the  OH,  the  resulting  compounds  have  completely  acid 
properties  and  act  as  true  acids. 

By  treating  phenols  with  phosphorus  chloride,  or  bromide, 
the  OH  is  replaced  by  CI,  Br,  etc. 

They  are  not  oxidized  to  aldehydes,  ketones,  or  acids,  since 
outside  of  the  OH  there  is  no  hydrogen  united  to  the  carbon 
atom  (tertiary  alcohols). 

They  unite  with  acid  rests,  forming  compounds  which  corre- 
spond to  the  esters.  On  heating  with  zinc  dust,  the  phenols 
are  converted  back  into  hydrocarbons  by  inverse  substitution: 

CGH5OH  +  Zn  =  C6H6  +  ZnO. 

Phenol  can  be  produced  from  benzene  in  two  ways.  1)  By  converting 
the  benzene  into  benzenesulphonic  acid,  CcEU'SOaH,  and  fusing  this  with 
potassium  hydroxide  : 

CcHrSOaH  +  2  KOH  =  C6H5(OH)  +  K2S03  +  H.O. 

2)  By  converting  the  benzene  into  nitrobenzene,  reducing  this  to  amido- 
benzene,  Cr,H5-NH2,  and  the  amidobenzene  into  the  so-called  diazoben- 
zene,  which  is  decomposed  by  water  into  phenol. 

The  hydrogen  atoms  of  phenol  can  be  substituted  in  the 
same  manner  as  those  of  benzene. 
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There  are  obtained  by  the  action  of  chlorine  : 

Monochlorphenol,  CCH4C10H  (1 .  2.  b.  p.  176°  ;  1 .  3,  b.  p.  214° ;  1 .  4,  b. 
p.  217°). 

Dichlorphenol,  C(iH3Cl2OH(l .  2  .  4,  f.  p.  43°,  b.  p.  214°). 

Trichlor -phenol,  C6H2ClaOH  (f.  p.  68°,  b.  p.  244°). 

By  leading  chlorine  through  phenol  in  the  presence  of  iodine,  i.e.  by 
the  action  of  iodine  chloride,  we  obtain  perchlorphenol,  C6C150H,  fusing 
at  187°. 

Bromine  and  iodine  act  in  a  similar  manner. 

By  the  action  of  nitric  acid,  nitro-derivatives  are  obtained 
from  phenol  up  to  the  third  substitution  : 

C6H4(N03)OH,  Mononitrophenol,  all  three  modifications 
are  known. 

C6H3(N08)20H,  Dinitrophenol,  four  modifications  are 
known. 

C6H3  (NO^OH,  Trinitrophenol,  two  modifications  are 
known. 

Nitrophenols,  C6H4(N02)OH.  1 .  2,  yellow  prisms  fusing  at  45°  and 
boiling  at  214°.  1 .  3,  colorless  crystals  fusing  at  96°.  1 .  4,  colorless 
needles  fusing  at  115°. 

Dinitrophenols,  Cr,H3(N02)20H  :  a,  leaflets  fusing  at  114°;  /3,  needles 
fusing  at  64°  ;  y,  bright  yellow  needles  fusing  at  104°;  8,  colorless  prisms 
fusing  at  141°. 

Trinitrophenol,  Picric  Acid,  C6H2(N02)3OH.  (1.2.4.6).* 
Picric  acid  is  formed  by  the  action  of  nitric  acid  on  various 
organic  compounds  (indigo,  Peruvian  balsam,  silk,  wool,  etc.), 
most  easily,  however,  from  phenol.  It  crystallizes  in  light 
yellow,  glittering,  odorless  leaflets,  which  taste  intensely  bit- 
ter. They  are  soluble  in  water,  fuse  at  122°,  and  explode  on 
rapid  heating.  "Weak  reducing  agents  (ammonium  sulphide) 
convert  it  into  dinitroamidophenol,  or  picramic  acid,  stronger 


*  Substitution-derivatives  of  benzene  and  its  analogues  are  termed 
symmetrical  when  the  intervals  between  the  substituting  elements  or  groups 
are  equal.  The  following  derivatives  are  symmetrical :  1 .  4  ;  1 . 3 .  5 ; 
2.4.6,  etc. 

14 
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reducing  agents  (tin  and  chlorhydric  acid),  into  triamidophe- 
nol,  or  pier 'amine. 

Potassium  pier  ate,  C6H2(N02)3OK,  crystallizes  in  yellow 
needles,  which  explode  violently  by  heating  or  percussion. 

Picric  acid  is  used  as  a  yellow  dye  for  silk  and  wool. 

When  heated  with  potassium  cyanide,  picric  acid  gives  a  deep  violet-red 
liquid,  which  contains  the  potassium  salt  of  isopurpuric  acid,  CaH6NsO(;  : 

CgH^NO^OH  +  3  KCN  -f  3H20  =  G\H4KN606  -fCOa  +  NH3  +  2  KHO. 
Picric  acid  Potassium 

isopurpurate 

Isopicric  acid,  C6H.2(N02)30H,  (1 .  3  .  4  .  5)  is  formed  by  the  action  of 
fuming  nitric  acid  on  m-nitrophenol.  Bright  yellow  prisms  fusing  at 
170°. 

There  are  also  derivatives  of  phenol  which  contain  chlorine, 
bromine,  or  iodine  and  the  nitro-group,  e.  g., 

Monochlornitrophenol,  C6H3Cl(]Sr02)(OH). 

PJienolmethyl  Ether,  Aniso'il,  C6H5~0~CH3,  is  formed  by 
the  action  of  methyl  iodide  on  potassium  phenoxide  : 

C6H5OK  +  CH3I  =  C6H50"CH3  +  KI, 

or  by  the  distillation  of  potassium  phenoxide  with  potassium 
methylsulphate  : 

C6H5OK  +  CH3"KS04  =  C6HsO"CH3  +  K2S04. 

Both  of  the  reactions  are  analogous  to  those  of  the  formation 
of  the  ethers  of  the  fat-compounds. 

It  is  a  colorless  liquid  with  a  pleasant  odor,  boiling  at  152°, 
and  insoluble  in  water.  The  benzene  nucleus  is  chlorinated, 
etc.,  by  the  action  of  chlorine,  bromine,  or  iodine.  Nitric 
acid  nitrates  it.  Mono-,  di-,  and  tribromanisoil,  and  mono-, 
di-,  and  trinitroanisoi'l  are  known. 

Phenylethyl  Ether,  Phenetdil,  C6H5~0~C2H5,is  produced 
in  an  analogous  manner.    It  boils  at  172°. 

Phenyl  Ether,  C6H6"0~C6H5,  is  formed  by  the  dry  dis- 
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tillation  of  copper  benzoate.  It  is  a  solid  mass  with  a  pleas- 
ant odor,  fusing  at  28°  and  boiling  at  240°. 

Phenol-sulphonic  Acid,  C6H4(OH)S03H,  is  formed  in  two 
modifications  (1.2  and  1 .  4)  by  mixing  phenol  with  concen- 
trated sulphuric  acid.  Both  are  monobasic  acids  and  yield 
finely  crystallizable  salts. 

One  of  the  principal  salts  is  the  zinc  phenolsulphonate  : 

(C0H4SO4)sZn  +  7  H20, 

which  is  obtained  by  dissolving  zinc  oxide  in  the  acid.  It  crystallizes  in 
colorless,  rhombic  columns,  easily  soluble  in  water  and  alcohol.  It  is 
used  as  a  caustic  and  disinfectant. 

If  phenol  is  heated  with  fuming  sulphuric  acid,  phenol- 
disulphonic  acid,  C6H3(OH)(S03H)3,  is  produced.  It  is  a 
dibasic  acid. 

If  the  action  takes  place  under  pressure,  phenol-trisulphonic 
acid,  C6H2(OH)(S03H)3,  is  obtained.    It  is  a  tribasic  acid. 

By  digesting  phenol  with  phosphorus  pentasulphide,  we 
obtain 

Phenylsulphydrate,  Phenyl  Mercaptan,  C6H5"SH  : 
5  C6H5-OH  +  PaSg  =  5  C6H5"SH  +  P205. 

It  is  a  colorless  oil  with  a  repulsive  odor,  boiling  at  166°, 
and  insoluble  in  water.  It  can  also  be  obtained  by  the  reduc- 
tion of  benzenesulphonic  acid.  The  oxygen  of  the  air  oxi- 
dizes it  into  phenyl  disulphide,  (C6HS)2S2. 

2  C6H5(SH)  +  0  =  (CGH5)2S2  +  H20. 

Phenylsulphide,  (CeH5)2S,  is  also  known. 

The  analogous  bodies  of  the  fat-series  have  already  been  mentioned  : 
Ethyl  mercaptan,  C2H5-SH, 
Ethyl  sulphide,  C2HrS"C,H5, 
Ethyl  disulphide,  C2H.rS-S_C2H5, 
Phenyl  sulphydrate,  Cr,H5~SH 
Phenyl  sulphide,  CoHs'S'CgHs, 
Phenyl  disulphide,  C0H5-S-S-C6H5. 
(See  p.  102.) 
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All  three  of  the  hydroxyl  derivatives  of  benzene  are 
known.    They  are  called  catechol,  resorcinol  and  quinol. 

Catechol,  Pyrocatechin,  C6H4(OH)2  (ortho-compound),  is 
produced  by  heating  catechu  rapidly.  It  forms  quadratic 
columns  fusing  at  104°,  and  boiling  at  245°.  Ferric  chloride 
colors  its  aqueous  solution  green. 

A  monomethyl-ether  of  catechol,  guaiacol,  CcH4(OH)(OCH3),  is  formed 
by  the  dry  distillation  of  guaiacum  resin,  and  exists  in  beech-wood  tar. 
It  is  a  colorless  liquid  boiling  at  200°. 

Resorcinol,  Resorcin,  C6H4(OH)2  (meta-compound),  is  ob- 
tained by  fusing  galbanum-resin  with  potassium  hydroxide. 
It  crystallizes  in  tablets  fusing  at  118°  and  boiling  at  276.5°. 
On  exposure  to  the  air  it  turns  red.  Ferric  chloride  solution 
colors  it  deep-violet. 

Eesorcinol  yields  a  trinitro-derivative,  which  stands  in  the 
same  relation  to  resorcinol  as  picric  acid  to  phenol. 

Trinitroresorcinol,  Styphnic  Acid,  C6H(N02)3(OH)2.  It 
is  produced  by  the  nitrition  of  resorcinol,  and  also  by  the 
action  of  cold  nitric  acid  on  numerous  resins  (galbanum,  gum- 
ammoniac,  etc.).  It  crystallizes  in  yellow  prisms  fusing  at 
176°  and  exploding  by  rapid  heating.  It  is  difficultly  soluble 
in  water,  and  behaves  like  a  strong  dibasic  acid.  It  is  used  as 
a  yellow  dye. 

Quinol,  Hydroquinone,  C6H4(OH)2  (para-compound).  It  is 
made  by  leading  sulphurous  acid  through  quinone,  C6H402  : 

C,H40,  +  H2  =  C6H602  =  C6H4(OH)2. 

Rhombic  columns  soluble  in  water.  It  fuses  at  169°  and 
sublimes  by  careful  heating.  It  is  converted  into  quinone  by 
the  oxygen  of  the  air  and  by  all  oxidizing  agents. 

Quinone,  CcH402.  The  two  following  formulas  have  been  proposed 
for  quinone  : 
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/CH=CH\  ^CH"CHv 

C=0       0=C    and    Cf-0  0-%C. 

\CH=CH/  \CH=CH// 

In  the  former  case  they  would  be  double  ketones. 

Quinone  is  formed  by  the  oxidation  of  quinol  and  all 
bodies  which  contain  quinol.  It  is  made  by  the  oxidation 
of  aniline  with  chromic  acid.  It  forms  golden-yellow  crystals 
fusing  at  116°,  and  possessing  a  piercing  odor  which  irri- 
tates the  eyes,  and  causes  weeping.  It  is  slightly  soluble 
in  cold  water,  easily  in  hot,  and  is  volatile  with  steam.  It  is 
poisonous,  and  colors  the  skin  brown.  Oxidizing  agents  de- 
compose it  entirely  forming  oxalic  acid.  Eeducing  agents 
convert  it  into  quinol. 

Chlorine  converts  it  into  chlorinated  quinones.  The  following  are 
known  : 

Monochlorquinone,  C6H3C102> 
Dichlorquinone,  C6H2C1202, 
Trichlorquinone,  Cr,HCl302, 
Tetrachlorquinone,  CfiCl402. 

TetracMor quinone,  or  Chlor anile,  C6C1402,  is  formed  by 
the  action  of  KC103,  on  various  aromatic  compounds.  It  is 
usually  made  from  phenol.  It  forms  yellow  scales  soluble  in 
water,  difficultly  soluble  in  alcohol,  and  which  fuse  at  a  high 
temperature.  Sulphurous  acid  converts  all  chlorinated  qui- 
nones into  chlorinated  quinols. 

Two  atoms  of  chlorine  in  chloranile  can  be  replaced  by  hydroxyls  and 
amido-groups. 

Chloranilic  acid,  Cr,Cl,(OH)202,  or  CCH2C120,,  is  formed  when  chlor- 
anile is  warmed  with  potassa. 

C6C1402  +  2  KOH  =  CoCl2(OH)202  +  2  KC1. 

It  forms  red  crystals,  and  is  dibasic. 

Chloranilamide,  Cf,Cl2(NPI2)20,  or  CeH4Cl2N204,  is  formed  by  the 
action  of  alcoholic  ammonia  on  chloranile  : 


C6C1402  +  4NHa  =  C6C12(NH,,),02  +  2  NH.C1. 
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Reddish-brown  needles  which  yield  ammonia  and  chloranilic  acid 
when  treated  with  potassa. 

Bromine  substitutions  of  quinone  have  also  been  obtained.  They 
resemble  the  chlorinated  quinones. 

Quinone  unites  with  quinol  to  form  an  intermediate  product  known 
as  green  hydroquinone  or  quinhydrol  : 

C6H402  +  CcH60, 

It  forms  glittering  needles  which  can  be  converted  into  either  quinone  or 
quinol. 

Only  two  of  the  three  possible  trihydroxyl  derivatives  of 
benzene  are  known,  viz.,  pyrogallic  acid  and  phloroglucinol. 

Pyrogallic  Acid,  or  Pyrogallol,  C6H3(OH)3,  or  C6H603, 
(1.2.  4),  is  formed  by  heating  gallic  acid  : 

C8Hs(OH)3-COOH  =  C6H3(OH)3  +  C08. 

It  forms  white,  glittering  leaflets  with  a  bitter  taste,  fusing  at 
115°.  Although  it  unites  with  metals  to  form  a  species  of 
salts,  it  has  no  true  acid  properties.  It  is  a  trihydric  ter- 
tiary alcohol.  Water  dissolves  it  easily.  Its  aqueous  solution 
absorbs  oxygen  from  the  air  with  avidity,  especially  when  an 
alkali  is  present.  It  acts,  therefore,  strongly  reducing.  The 
final  products  which  are  formed  from  it  by  the  assumptiou  of 
oxygen,  are  oxalic  aud  acetic  acids.  It  colors  ferrous  salts 
dark  blue,  and  ferric  salts  red.  On  heating  with  zinc  dust, 
it  is  converted  into  benzene  : 

C6H3(OH)3  +  3  Zn  =  C6H6  +  3  ZnO. 

A  solution  of  pyrogallol  containing  potassium  hydroxide  is  used  in 
gas  analysis  to  remove  oxygen  from  mixtures  of  gases  (eudiometric  analy- 
sis).   Pyrogallol  is  also  used  in  photography. 

Phloroglucinol,  or  Phlorglucin,  06H3(OH)3,  or  C6H603,  is 
obtained  by  the  decomposition  of  complicated  bodies.  It 
forms  large,  colorless  crystals  with  a  sweet  taste,  which  con- 
tain two  molecules  of  water.    It  fuses  at  220°  and  reduces 
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alkaline  cupric  solutions  like  dextrose.  A  bromine  and  nitro- 
derivative  of  it  are  known. 

There  are  no  further  hydroxyl  substitutions  of  benzene 
known. 

Among  the  amido-derivatives  of  benzene,  amidobenzene  is 
the  most  important,  partly  because  an  enormous  number  of 
compounds  are  derived  from  it,  and  partly  because  it  serves 
as  the  starting-out  point  for  the  production  of  a  series  of  dyes 
which  are  commercially  very  important. 

Amidobenzene,  Aniline,  C6H5~NH2,  or  C6H71S".  Like  all 
amido-derivatives  of  the  aromatic  series,  aniline  is  formed  by 
the  reduction  of  a  corresponding  nitro-compound.  The  re- 
ducing agents  which  are  generally  used  for  the  reduction  of 
nitro-compounds,  and  nitro-benzene  in  particular,  are  :  1). 
Alcoholic  ammonium  sulphide,  in  which  the  hydrogen  sul- 
phide is  the  reducing  agent,  and  sulphur  is  set  free.  2). 
Zinc  and  chlorhydric  acid.  3).  Tin  and  chlorhydric  acid. 
4).  Iron  filings  and  acetic  acid.  5).  And,  finally,  zinc  dust 
and  water.    The  last  four  act  by  setting  free  hydrogen. 

Aniline  is  formed  also  by  the  dry  distillation  of  many  aro- 
matic compounds  (indigo)  and  also  by  the  ignition  of  bones 
and  coal  (it  exists  in  coal  tar).  Aniline  is  made  commercially 
by  the  reduction  of  nitrobenzene  with  iron  filings  and  acetic 
acid,  or  zinc  dust  and  water  : 

C6H5-M)2  +  3  H2  =  C6H5"NH2  +  2  H20. 

Aniline  cannot  be  obtained  by  the  digestion  of  chlorbenzene  with  alco- 
holic ammonia,  as  ethylamine  is  formed  from  ethyl  chloride. 

Aniline  is  a  light-yellow,  strongly  refractive  liquid  with  a 
peculiar  odor.  It  is  somewhat  heavier  than  water  (sp.  gr. 
1.02)  and  boils  at  185°.  On  long  standing  it  becomes  colored 
brown  by  the  action  of  the  air  and  light. 

The  minutest  trace  of  aniline  can  be  detected  by  the  deep 
violet  color  which  is  produced  when  it  is  brought  into  contact 
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with  calcium  hypochlorite  (chloride  of  lime).  The  color 
passes  quickly  into  a  dirty  red. 

The  aniline  colors  will  be  mentioned  later  on. 

Aniline  has  basic  properties  and  unites  with  acids  to  form 
salts,  of  which  the  hydrochloride,  oxalate  and  nitrate  are  the 
most  important,  e.g.,  C6H6"NH2 .HC1.  It  unites  also  with 
many  salts  to  form  peculiar  double  compounds,  viz.  : 

ZnCl8.2C6H,N. 

Aniline  yields  three  kinds  of  derivatives  depending  on 
whether  the  substitution  takes  place  in  the  hydrogen  of  the 
benzene  nucleus,  the  hydrogen  of  the  amido-group,  or  in 
both. 

Chlorine,  bromine  and  iodine  form  chlor-,  brom-,  and  iodo- 
anilines,  concentrated  sulphuric  acid  gives  a  sulphonic  acid, 
and  nitric  acid  a  nitro-derivative.  All  of  these  substitutions 
take  place  in  the  benzene  nucleus. 

The  chlorine,  etc.,  derivatives  of  the  fatty  compounds  pro- 
duce derivatives  of  aniline  in  which  the  substitution  occurs  in 
the  amido-group. 

If  aniline  is  digested  with  methyl  iodide,  ethyl  iodide,  etc., 
we  obtain  methylaniline,  dimethylaniline,  ethylaniline,  di- 
ethylaniline  (secondary  and  tertiary  anilines). 

C6H5"]S"H2  +  CH3I  =  C6H5~NH(CH3).HI. 
C6H5-NH(CH3)  +  CH3I  =  C,H,-N(CH,)S.HL 

The  ammonium  compounds  are  also  known,  viz. : 
C6H5-N(CH3)3I     and  C6H5-N(CH3)3OH. 

As  the  alcohols  react  on  aniline  hydrochloride  at  an  elevated  tempera- 
ture, they  may  be  used  instead  of  the  iodides  to  produce  the  methylated, 
etc.,  anilines. 

C6HrNHs  •  HC1  +    CH3OH  =  C6H5NH(CH3) .  HC1  +  H20 
C6H6-NH2 .  HC1  +  2  CH3OH  =  C6H0N(CH3)2 .  HC1  +  2  H20. 
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The  anilines  in  which  one  or  both  of  the  amido-hydrogen 
atoms  are  replaced  by  hydrocarbon  rests,  are  liquids  resembling 
aniline,  and,  as  they  possess  basic  properties,  form  crystalline 
salts  with  acids. 

If  the  secondary  and  tertiary  anilines  are  heated  for  some 
time  in  closed  vessels  at  300°,  they  are  converted  into  primary 
bases  by  atomic  migration,  the  methyl  of  the  amido-group  ex- 
changing with  a  hydrogen  atom  of  the  benzene  nucleus  : 

C6H5NHCH3        gives  C6H4(CH3)NH8 

Methylaniline  Toluidine 

CeH5N(CH3)2       gives  C6H3(CH3)2NH3. 

Dimethylaniline  Xylidine 

In  this  manner  all  the  hydrogen  atoms  in  aniline  have  been  succes- 
sively replaced  by  hydrocarbon  rests. 

In  the  same  manner  that  both  H's  of  the  amido-group  of  aniline  can 
be  successively  replaced  by  mono-valent  hydrocarbon  rests,  the  substitu- 
tions can  be  effected  by  di-valent  hydrocarbon  rests.  In  this  case,  how- 
ever, the  di  valent  rest  may  replace  one  H  in  two  molecules  of  the  amide, 
or  two  H's  in  one  molecule. 

$8H  :Nm>»H<  or   A?3-P8^  Ethylenediphenyldiamine, 
(C6H5  JNU)/  CH2  NH  C6H5 

(Lr.ti.ih  (.  No   or    I  i       Di-ethylenediphenyldiarmne,  and 

CH  \ 

C„H5-N=(C2H4)    or     i    2  \n"~C6H5  Ethylenephenylamine. 

CH2/ 

In  the  first  case  two  H's  in  two  aniline  molecules  are  replaced  by  one 
ethylene,  in  the  second  case,  four  H's  in  two  aniline  molecules  are  re- 
placed by  two  ethylenes,  in  the  third  case,  two  H's  in  one  molecule  of 
aniline  are  replaced  by  one  ethylene.  They  are  all  formed  by  the  action 
of  ethylene  bromide  on  aniline. 

The  group  CH3-CH=,  ethylidene,  which  is  isomeric  with  ethylene 
CH2=CH2,  can  also  be  introduced  into  aniline,  producing  : 

(C(Jh"|n2   or   CH3-Ch/^-cIh65  Ethylidenediphenyldiamine. 
H2  \  * 
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(C.H*)a ) 
(C,H4),j- 


N2  or  CHs-CH/ggg*>N0H-CHs 


Di-ethylidene-diphenyldiamine.  They  are  formed  by  the  action  of 
aldehyde  on  aniline.  The  isomerism  between  these  two  series  is  clearly 
shown  by  the  constitutional  formulas.  In  the  ethylene  compound,  both 
of  the  two  carbon  atoms  of  the  ethylene  are  united  to  N,  while  in  the 
other  series,  only  one  carbon  atom  is  in  combination  with  the  N. 

Tri-valent  hydrocarbon  rests  can  also  be  introduced  into  aniline,  as  for 
instance,  CH=,  which  may  be  introduced  into  aniline  by  the  action  of 
chloroform.    We  have,  for  example  : 


(C«H»)I[n2    or   CH3~c/SJHWix    Ethenyldiphenyldiamine,  etc. 


As  these  bodies  contain  one  or  more  aniline  rests,  they  are  capable  of 
combining  with  one  or  more  molecules  of  acid  to  form  salts. 

The  amido-hydrogen  of  aniline  can  also  be  substituted  by 
acid  rests  forming  bodies  called  anilides. 

Formanilide,  C6H5~NH(CHO).  CHO  is  the  mono-valent 
rest  of  formic  acid.  The  compound  is  produced  by  heating 
aniline  oxalate  : 


(C6H5NH3)8C3H204  =  C,H6NH(CHO)  +  0,HBNH, 
+C02  +  H20. 


Acetanilide,  CGH5~]S"H(C3H30),  is  formed  by  the  action 
of  acetyl  chloride  on  aniline,  or  by  boiling  aniline  with  glacial 
acetic  acid,  or  acetic  anhydride.    It  fuses  at  112°  and  boils  at 


The  substitution  of  an  acid  rest  may  also  be  effected  by  the 
di-valent  acid  rest  of  a  di-basic  acid,  e.g.  the  rest  of  the  hypo- 
thetical carbonic  acid, 


also 


295°. 


CO 


by  the  rest  CO< 
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C6H5Nh)CO  Carbanilide 
^6^j^jp^>CO  Carbanilamide. 

Both  of  the  compounds  are  ureas  in  which  one  or  two  H's 
are  replaced  by  the  benzene  rest.  "We  have  already  seen 
(p.  51)  that  one  or  more  hydrogen  atoms  in  urea  may  be 
replaced  by  hydrocarbon  rests  : 

C0<3ra°2H5  Ethylurea 

CO<ra[c22i:)  ^ethylurea. 

Hence  : 

CO<^g(C6He)  Carbanilamide  is  Phenylurea 

CO<^NH^C6H5j  Carbanilide  is  Diphenylurea. 

Corresponding  to  these  compounds,  there  are  sulphur  com- 
pounds, which  are  derived  from  the  hypothetical  sulphocar- 
bonic  acid, 


by  the  replacement  of  the  SH  by  NHC6H5,  the  aniline-rest. 
They  may  also  be  considered  as  derived  from  thiurea, 

CS<^^-^2,  by  the  substitution  of  hydrogen: 

C  H  NH/^'  Sulphocarbanilide,  Diphenylthiurea, 


C,H5NH 
NIL 


CS,  Sulphocarbanilamide,  Phemjlthiurea. 


-2/ 

Also  those  in  which  both  of  the  atoms  of  amido-hydrogen 
in  one  molecule  of  aniline  are  replaced  by  one  di-valent  rest : 
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C6H5~N=CO,  Carbanile, 
C6H5~]NFCS,  tinlphocarbanile. 

These  two  bodies  are  the  cyanic  ether,  and  the  mustard-oil  of  phenyl: 

CO=N""CH3,  Methyl  cyanate, 
CO=N"C6H5,  Phenyl  cyanate, 
CS=N"CH3,  Methyl-mustard-oil, 
CS=N"C6H5,  Phenyl-mustard-oil. 

A  mono-Yalent  rest  of  a  dibasic  acid  can  also  substitute  an 
atom  of  the  amido-hydrogen  : 


Co/?S^C6H5),  Carbanilie  acid. 


OH 

"We  shall  have  occasion  to  study  many  other  anilides.  They 
are  all  formed  either  by  heating  the  corresponding  aniline 
salt,  or  by  elimination  of  the  elements  of  water,  or  hydrogen 
sulphide  : 

CeH,NHt.C,H40  =  C6H5NH-(C2H30)  +  H20. 

Aniline  acetate  Acetanilide 

The  anilides  are  converted  back  into  the  aniline  salts  by 
taking  up  the  elements  of  zoater.  Several  of  them  are  produced 
by  particular  methods  which  will  be  mentioned  when  we  come 
to  consider  the  compounds  individually. 

Carbanilide  (Diphenylurea),  Q6jj5"]SrH (f-  P*  235°), 
and  Carbanilamide  (Monophenylurea),     6    5-^H  yCO,  (f. 
p.  144°),  are  formed  when  aniline  is  heated  with  urea  : 
C6H5NH2  ,  NHApft  _  C6H5NH\ro  9 

C6H5NH2  +  ggj)>00  =  CeH^>CO  +  NH3, 
or  when  potassium  cyanate  is  boiled  with  aniline  sulphate  : 
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2  KCON+  (C6H5-N"H2)s_H3S04  =  2  CO<(J 
+  KS04. 

2  KCON  +  2  [(C6H6-NH2)8-H8SOJ  =  2  CO 
+  K3S04  +  (NH4)2S04. 


The  substituted  ureas  are  formed  according  to  this  latter  reaction  in 
the  same  manner  as  urea  itself.  As  we  have  seen  (p.  49),  urea  is  formed 
by  boiling  potassium  cyanate  with  ammonium  sulphate.  If  aniline  sul- 
phate, i.e.  phenylated  ammonium  sulphate  is  substituted  for  the  am- 
monium sulphate,  a  phenylated  urea  is  produced. 

Both  are  solid  compounds  crystallizing  in  needles. 

Carbanile    {Phenyl   cyanate,   or    Phenylcyanic  Ether), 
CO"N~C6H5,  is  formed  from  phenyl-mustard-oil.    It  is  a 
liquid  boiling  at  1G3°,  and  possessing  a  powerful  odor. 
C  H  ~NH\ 

Sulpliocarbanilide,  q6 -q5 —^YL/^'  is  produced  by  the 
digestion  of  aniline  with  carbon  disulphide  : 


It  crystallizes  in  leaflets  fusing  at  144°.  On  digestion  with 
mercuric  oxide,  it  exchanges  its  sulphur  for  oxygen,  forming 
carbanilicle.  It  yields  sulphocarbanile  when  heated  with  con- 
centrated chlorhydric  acid  : 


By  digestion  with  ammonia  and  litharge,  the  sulphur  of  the  sulpho- 
carbanilide  is  replaced  by  the  NH-group,  forming  a  substituted  guanidine : 


If,  however,  sulphocarbanilide  is  digested  with  aniline  (substituted 
ammonia)  and  litharge,  the  sulphur  is  replaced  by  the  di-valent-group, 


_C6H5NH 
»-OeH6NH 


C6H5KET 
C.H.NH 


C6H5N : 
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Sulphocarbanile,  Phenyl-mustard-oil,  C6H5"N=CS,  is  a 
colorless  liquid  with  an  odor  resembling  that  of  mustard-oil.  It 
boils  at  222°,  and  its  reactions  are  analogous  to  those  of  the 
other  mustard-oils. 

In  the  same  manner,  anilides  have  been  obtained  containing 
the  rests  of  oxalic,  succinic,  malic,  tartaric,  and  other  acids. 

The  amido-hydrogen  of  aniline  can  also  be  replaced  by  the 
benzene  rest.  Thus  by  heating  aniline  with  aniline  hydro- 
chloride, Ave  obtain  : 

C6H5-^!N  Diplienylamine, 
H/ 

which  fuses  at  54°  and  boils  at  310°.  It  possesses  basic  prop- 
erties, and  unites  with  acids  to  form  salts.  The  triphenyla- 
mine  (C6H5)3N~,  fusing  at  127°,  is  also  known. 

The  hydrogen  of  the  benzene  nucleus  in  aniline  can,  of 
course,  be  easily  substituted  by  any  element,  or  atomic-group, 
which  substitutes  the  hydrogen  of  benzene.  A  number  of 
isomers  are  met  with  here,  depending  on  whether  the  substi- 
tuting atom,  or  group,  is  separated  from  the  NHg -group  by 
one  or  two  hydrogen  atoms. 

There  are  known,  for  instance,  chlor-,  brom-,  iodo-,  and  nitranilines, 
aniline-sulphonic  acid,  di-  and  trichlor-,  brom-,  etc.,  anilines.  Most  of 
them  exist  in  numerous  modifications. 

The  amido-hydrogen  of  the  substituted  anilides  can  also  be 
substituted,  viz.,  chloracetanilide,  etc. 

If  two  hydrogen  atoms  of  benzene  be  substituted  by 
amido-groups,  three  isomeric  compounds  are  formed.  They 
are  called 

Di-ami do  benzenes,  or  Phenylenediamine,  C6H4(NH2)2. 
They  are  all  known.  They  possess  basic  properties,  and  unite 
with  two  molecules  of  a  monobasic  acid,  or  one  molecule  of  a 
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dibasic  acid,  to  form  salts.  As  in  aniline,  both  the  amido- 
hydrogen  and  the  hydrogen  of  benzene-nucleus  may  be  sub- 
stituted. 

a)  1 .  2,  fuses  at  102°  and  boils  at  252° ;  (1)  1.3,  fuses  at  63°  and  boils 
at  287' ;  y)  1.4,  fuses  at  147°  and  boils  at  267°. 

The  ortho-diamido  derivatives  of  the  hydrocarbons,  on  heating  with 
organic  acids,  eliminate  water,  forming  amidines,  while  with  aldehydes 
they  yield  aldehydines,  viz.  : 

C6H4(NH2)2  +  CHrCOOH  =  C6H4^JH^C-CH3,  Ethyleneptenyl- 

enamidine. 

CfiH4(NH2)2  +  2  CH3-CHO  =  CeRi<(^yCR-CR3h,Phenylenaldehydine. 

Triamidobenzene,  C6H3(NH2)3,  is  obtained  by  the  reduction  of  dinitran- 
iline.    It  fuses  at  103°  and  boils  at  33°. 

Between  nitrobenzene  and  amidobenzene,  stands  a  series  of 
bodies  which  are  formed  either  by  the  partial  reduction  of 
nitrobenzene  or  by  the  oxidation  of  amidobenzene. 

Starting  out  from  nitrobenzene  we  have 

^6^5^2  Nitrobenzene, 
C6H5N02 

\    6    5   1   >0  Azoxybenzene, 
■j  ^c    5  Azobenzene, 


Hydr  azobenzene. 


—^tt5 _  Amidobenzene,  Aniline, 

C0H5-NH8 

These  intermediate  compounds  are  called  Azo-compounds. 


* 


*  Nitrogen  was  called  azote  by  Lavoisier.  From  this  word,  the  prefix 
"azo  "  is  derived. 
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The  azo-compounds  contain  two  benzene  rests  united  to  a 
pair  of  linked  nitrogen  atoms. 

C6H~N\ 

Azoxybcnzene,  ■   >0,  or  CiaH1nN20,  is  formed  by 

J  C6H5"N/  12    10    2  J 

boiling  nitrobenzene  with  alcoholic  potassa.    It  crystallizes  in 

yellow,  glittering  needles,  fusing  at  36°.    Nitric  acid  converts 

it  into  nitrocompounds,  which  by  reduction  yield  azobenzene 

and  hydrazobenzene. 

Azobenzene,  C6H5~N=N~C6H5,  orC12H10N"2,  is  produced 

by  the  distillation  of  nitrobenzene  with  alcoholic  potassa.  It 

crystallizes  in  large  yellowish  leaflets,  fusing  at  66°.  With 

nitric  acid  it  forms  nitro-derivatives. 

Hydrazobenzene,  C6H5~NH"NH"C6H5,  or  C12H12lSr2,  is 
formed  by  the  action  of  ammonium  sulphide  on  azobenzene. 
It  crystallizes  in  colorless  tablets  fusing  at  131°.  Oxidizing 
agents  convert  it  back  into  azobenzene,  reducing  agents  trans- 
form it  into  aniline.  Acids  convert  it  at  once  into  an  isomeric 
C  H  — NH 

compound,  benzidine,  i6    4        2,  which  is  also  obtained  from 
C6H4"NH2' 

dinitrodiphenyl,    i6    4       s,  by  reduction  with  ammonium 
1      J    C6H4-N02'  J 

sulphide.    It  crystallizes  in  glittering,  silvery  leaflets,  which 

fuse  at  118°,  and  have  strong  basic  properties. 

There  is  a  large  class  of  bodies  whose  constitution  is  simi- 
lar to  that  of  azobenzene,  and  in  which  the  benzene  rest, 
C6H5,  is  united  to  a  pair  of  doubly-bound  nitrogen  atoms, 
C6H5~N=]Sr~.  They  are  called  diazo-compounds.  Azobenzene 
may  be  considered  as  a  particular  case  in  this  class  of  com- 
pounds, in  which  the  free  bond  of  the  nitrogen  is  satisfied  by 
a  benzene  rest. 

If  nitrous  acid  is  passed  into  an  alcoholic  solution  of  aniline, 

diazobenzcne-anilide,  or  diazo-amido-benzene, 

CcHe"N=FM_C„H„ 


DIAZO-COMPOUNDS. 


225 


is  formed  at  first.  By  continued  action,  or  by  the  use  of 
aniline  nitrate,  diazoienzene  nitrate  is  produced  : 

C6H6N=N-N03, 
2  C6H5NH2  +  HN02  =  C6H5-N=N-NHC6H5  +  2  H20 
C6H5NH2 .  HN03  +  HN08  =  C6HB-N=N-N03  +  2  H20. 

"We  see,  therefore,  that  by  the  action  of  nitrous  acid  both  of 
the  atoms  of  amido-hydrogen  in  aniline  are  replaced  by  an  atom 
of  nitrogen,  the  third  bond  of  which  remains  free. 

The  substituted  anilines,  such  as  chloraniline,  etc.,  also 
form  diazo-compounds  with  nitrous  acid. 

The  diazo-compounds  are  unstable,  exploding  violently  on 
heating,  or  by  percussion.  On  heating  with  water,  nitrogen 
is  eliminated  and  a  phenol  is  produced  : 

CeH5N,-NO,  +  H20  =  C6H5OH  +  N2  +  HNO,. 

On  boiling  with  absolute  alcohol,  both  of  the  nitrogen  atoms 
are  replaced  by  hydrogen  : 

C6H5N2"N03  +C2H5OH  =  C6H6  +  N2  +C2H40 
+  HN03, 

Or  by  boiling  with  chlor-,  brom-,  or  iodohydric  acids,  both  of 
the  hydrogen  atoms  are  replaced  by  an  atom  of  chlorine,  bro- 
mine, or  iodine  : 

CcH5N2-X03  +  HC1  =  C6H5C1  +  HNO,  +  N2. 

By  means  of  the  diazo-compounds,  therefore,  the  nitro-group  can  easily 
be  replaced  by  hydroxyl,  chlorine,  bromine,  etc. 

The  conversion  of  aniline  (and  all  aromatic  amides)  into  diazo- 
compounds,  and  the  easy  decomposition  of  the  latter,  attended  by  evolu- 
tion of  nitrogen,  is  a  phenomenon  which  we  have  already  seen  to  be 
characteristic  of  ammonia.  In  the  case  of  ammonia,  however,  both  of 
these  reactions  take  place  at  once.  Ammonium  nitrite  (*.  e. ,  ammonia  -\- 
nitrous  acid)  breaks  on  heating  into  nitrogen  and  water  : 

NHa  +  HN02  =  Na  +  2  H.,0. 

Compare  also  the  action  of  nitrous  acid  on  amines  (p.  46). 
1  f{ 
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If  diazobenzene  nitrate  is  heated  with  hydrogen  potassium 
sulphite,  a  compound,  C6H5N3H3S03K,  is  obtained,  in 
which  the  group  S03K  can  be  replaced  by  H.  The  resulting 
body  is  the  first  member  of  a  series  of  compounds  having  the 
constitution,  CeH5~NH~]S[H2,  and  which  are  derivatives  of 
the  unknown  compound,  NH2~]SrH3.  They  possess  strong 
basic  properties,  and  unite  directly  with  acids.  They  are 
called  hydrazine  compounds  (compare  p.  46). 

Certain  derivatives  of  diazobenzene  have  of  late  become  very  important 
as  dyes.  Diazo-amidobenzene,  CgH5~N=N~NH_C6Ho,  in  the  presence 
of  alcohol  and  an  aniline  salt,  passes  after  a  time  into  the  isomeric  amido- 
azobenzene  : 

CaHrN=N-C6H5(NHa), 

or  aniline-yellow.  By  the  action  of  nitrous  acid  on  meta-di-amidobenzene, 
diazo-di-amido-azobenzene  : 

(NH,)C„HrN=N-NH-C6H4(NH2), 

which  is  formed,  passes  into  the  isomeric  triamido-azobenzene : 

(NH2)C6H4"N=N-C6Ha(NH2),,, 

or  Bismarck-brown.  The  compound  intermediate  between  aniline-yellow 
and  Bismarck-browti,  is  called  chrysoidine.  It  is  an  orange  dye.  Its  salts 
form  superb  crystals,  having  a  beetle-green,  metallic  sheen.  It  is  made  by 
the  action  of  diazobenzene  chloride  on  metadiamidobenzene  : 

C6HrN=N_Cl  +  C6H4(NH2)2  =  CcHrN=N-C6H3(NH2)2  +  HC1. 

In  a  similar  manner,  a  multitude  of  new  colors  have  been  produced  by 
allowing  negative  derivatives  of  diazobenzene  to  react  on  primary  and 
secondary  monamines,  phenols,  and  phenol-sulphonic  acids.  Diazosulph- 
anilic  acid  and  dimethylaniline  yield  an  orange  dye  : 

(HS03)CcHrN=N-C6H,-N(CH3)2. 

Diazocumene  chloride  and  /S-naphthol-disulphonic  acid  give  a  scarlet: 

CeH2(CH3)3-N=N"-C10H4(OH)(HSO3)2. 

These  colors  are  remarkable  for  their  brilliancy  and  fastness,  as  well  as 
for  their  great  tinctorial  powers. 

A  more  complicated  class  of  compounds,  having  greater  tinctorial 
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powers  than  the  preceding,  is  obtained  by  diazotizing  the  amido-group  of 

amido-azobenzene,  and  carrying  out,  with  the  substance  thus  produced, 
reactions  similar  to  those  just  mentioned  : 

C.H»-N=N"C8H<(NH4)+  HN02-f  HC1 

Amido-azobenzene 

=  C6H5-N=N-C6H4-N=N-C1  +  2  H20, 

Diazoazo-benzene  chloride 
Prom  the  chloride  and  /i-naphthol-disulphonic  acid,  the  scarlet, 
C.Hs-N=N-C,H«-N=N-Ci,H4(OH)(HS03)a, 

is  obtained. 

In  the  same  manner  that  the  amido-derivatives  are  produced 
from  nitrated  benzenes  by  reduction,  the  nitrated  phenols  can 
be  converted  into  the  corresponding  amido-compounds. 

Mononitrophenol,  C6H4(N02)OH,  into 

Amidophenol,  C6H4(NH2)OH, 
Dinitrophenol,  C6H3(N02)2OH,  into 

Amidonitrophenol,  C6H3(N03)(NH2)OH,  and 

Diamidophenol,  C6H3(NH2)2OH, 
Trinitrophenol,  C6H2(N02)3OH,  into 

Dinitroamidophenol,  C 6 H 2  (NO 2 ) 2 (NH2 )OH, 

Triamidophenol,  C6H2(NH2)3OH. 

Corresponding  to  the  two  cyanides  which  exist  in  the  fat- 
series,  and  which  depend  on  the  existence  of  the  two  isomeric 
cyan-groups,  ~C=N  and  ~N=C,  there  are  two  cyan-derivatives 
of  benzene,  cyanbenzene,  or  benzonitrile,  C6H5~CN,  and 
isocyanbenzene,  CeH5~]SrC.  Cyanbenzene  is  produced  by  the 
distillation  of  benzamide  (see  p.  242)  with  phosphoric  anhy- 
dride, and  is  hence  called  benzonitrile : 

C6H5_CO"NH2  =  C6H5_CN  +  H20. 

It  is  also  formed  by  heating  benzoic  acid  with  potassium  sulphocyanate: 

1)  CHrCOOH  +  KSCN  =  CfiHrCOOK  +  HSCN", 

Benzoic  acid        Potassium         Potassium  Sulpbocyanic 
sulphocyanate       benzoate  acid 

2)  C6H5-COOH  +  HSCN  =  C6Hr,-CN  +  H,S  +  CO*. 

Benzonitrile 
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On  heating  with  alkalis,  it  takes  up  the  elements  of  water, 
and  is  converted  into  carboxylbenzene  (benzoic  acid)  and 
ammonia  : 

C6H5_CN  +  2  H20  =  C6H5-COOH  +  NH3. 

It  is  a  colorless  liquid  with  the  odor  of  bitter  almonds,  boil- 
ing at  191.    Nitric  acid  nitrates  it. 

Isocyanbenzene,  C6H5~NC,  is  obtained  by  digesting  aniline 
with  chloroform  and  potassium  hydroxide  : 

C6H5"NH2  +  CHC13  +  KOH  =  C6H5_NC  +  KC1  +  H20 
+  2  HC1. 

The  action  of  the  potassa  is  only  to  accelerate  the  reaction. 
Acids  decompose  it  into  aniline  and  formic  acid  with  the  addi- 
tion of  the  elements  of  water  ; 

C6H5-NC  +  2H20  =  C6H5-NH2  +CH202. 

It  is  a  colorless  liquid  with  a  highly  offensive  odor,  boiling 
at  160°  with  partial  decomposition.    (Compare  p.  106.) 

By  the  action  of  PCI*  on  benzene  at  a  high  temperature,  HC1  is  elimi- 
nated, and  the  compound,  GJA.S~'PCU,  phosphenyl  chloride,  is  formed.  Ii 
is  oxidized  by  water  to  phenyl-hypo-phosphorous  acid,  Cr,H5P(OH).i.  It 
unites  directly  with  chlorine  to  form phosplienyl-tetracliloride,  C0H5~PCl4, 
which  is  decomposed  by  a  small  amount  of  water  into  phenyl-oxychloride, 
C6H5-POCl2,  and  by  an  excess  of  water  into  phenylphosphinic  acid 
C6H5~PO(OH.,).  Phenylphosphinic  acid  corresponds  to  methylphosphinic, 
acid  (p.  68),  and  phosphenyl  chloride  to  methylphosphine,  except  that 
the  hydrogen  of  the  latter  is  replaced  by  chlorine. 

Phenylphosphine,  C6H5~PH.2,  is  obtained  by  the  action  of  iodohydric 
acid  gas  on  phosphenyl  chloride. 

Among  the  metallo-derivatives  of  benzene,  mercury -phenyl, 
Hg(C6H5)2,  is  worthy  of  notice.  It  is  produced  by  the  action 
of  sodium  amalgam  on  brombenzene.  It  fuses  at  120°,  and  its 
mercury  atom  is  easily  replaced  by  other  groups. 


TOLUENE. 


Toluene. 

So  far,  we  have  considered  only  those  derivatives  of  benzene 
in  which  the  hydrogen  of  the  benzene  nucleus  has  been 
replaced  by  halogens,  or  by  atomic  groups  containing  oxygen, 
sulphur,  or  nitrogen. 

We  come  finally  to  a  kind  of  substitution  of  benzene  by 
which  series  of  aromatic  compounds  are  built  up  in  the  same 
manner  as  in  the  fatty  series,  viz.,  by  the  substitution  of  the 
hydrogen  of  the  benzene  by  hydrocarbon-rests,  as  methyl,  or 
mono-valent  derivatives  of  methane.  Let  us  take  up  the  first 
two  cases,  viz.,  C6HS"CH3,  and  CGH5~C3H5. 

The  two  great  divisions  of  organic  bodies,  the  fatty  and  the 
aromatic  compounds,  are  both  represented  at  the  same  time 
in  these  substances.  The  derivatives  which  are  formed  by  the 
substitution  of  hydrogen  in  the  benzene  nucleus  possess  all 
the  characteristics  of  the  aromatic  compounds,  and  are, 
in  fact,  true  homologues  of  the  corresponding  benzene 
derivatives.  On  the  other  hand,  the  derivatives  which  are 
formed  by  the  substitution  of  the  hydrogen  of  the  methyl, 
or  ethyl,  possess  all  the  characteristic  properties  of  the  fatty 
compounds,  and  are  only  aromatic  compounds  in  so  far 
that  they  contain  the  benzene  rest  with  its  easily  substitutible 
hydrogen  atoms.  By  the  action  of  chlorine  on  methylben- 
zene,  a  monochlorinated  substitution-product  is  formed,  in 
which  the  chlorine  enters  into  the  benzene  nucleus, 
CeH4Cl~CH3,  (we  shall  not  take  into  account  the  three 
possible  isomeric  modifications  of  this  compound).  Such  a 
chlorine  derivative  has  all  the  characteristic  properties  of  an 
aromatic  compound  ;  the  chlorine  is  hardly  capable  cf  direct 
replacement ;  neither  potassium  hydroxide  nor  silver  oxide 
transpose  it  into  hydroxyl ;  nor  does  ammonia  replace  it  with 
the  amido-group.  On  the  other  hand,  the  compound, 
C6H5~CH2C1,  has  also  the  properties  of  a  chloride  of  the 
fatty  series.    The  chlorine  is  directly  replaced  with  ease,  for 
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instance  by  hydroxyl,  when  potassium  hydroxide,  or  silver 
oxide,  acts  on  it,  or  by  the  amido-group  when  treated-  with 
ammonia.  If  an  atom  of  hydrogen  in  the  benzene  nucleus  is 
replaced  by  hydroxyl,  a  phenol,  C6H4(OH)~CH3,  is  pro- 
duced, while,  if  the  replacement  takes  place  in  the  methyl- 
group,  an  alcohol  is  formed,  C6H5"CH2(OH).  The  benzene 
rest,  is  called  the  nucleus,  and  the  methyl-group,  the  side-chain. 

Benzene-derivatives  which  contain  side-chains,  arc,  there- 
fore, divided  into  two  sharply  separated  groups,  viz.,  those  in 
which  the  hydrogen  of  the  benzene  nucleus  has  been  substituted, 
and  those  in  which  the  hydrogen  of  the  side-chain  has  been 
substituted. 

By  the  substitution  of  hydrogen  rests  for  the  hydrogen  of 
the  benzene  nucleus,  the  following  compounds  are  obtained  : 


Methylbenzene, 
j  Dimethylbenzene, 
(  Ethylbenzene, 
r  Trimethylbenzene 


(3  isomers)  C6H4(CH3)2 
C6H5"C2II5 


=  C„H( 


C8H10 
C9II12 


(3  isomers)  C6H3(CH3)3 
■I  Methylethylbenzene,  (3  isomers)  CCH4  -|  C2IIC 
iPropylbenzene,*         (2  isomers)  C6H5"C3ri,J 
f  Tetramethylbenzene,  (3  isomers)  C6H2(CH3)4 
Dimethylethylbenzene,  (3  isomers) 

C6H3(C2H5)(CH3)2 
■J  Di-ethylbenzene,      (3  isomers)  C6H4(C8H6)2  j-=C10H14 
Methylpropylbenzene,  (6  isomers) 

C,H4(CH,)(C,H,) 
Butylbenzene,  f  (4isomers)C6H5"C4H9 


*  C6H5"CH.rCH.rCH3,  and  CeHrCH,./^,  propylbenzene  and  iso- 
propylbenzene. 

fi)  CoHa'CHrcnrcHrcH, 


2)  C.H.-CHrCH/£jg! 


3)  C«H6-CH/g^» 

/CH3 

4)  CCH5-C^-CH3 

\CH3 
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There  is  only  one  hydrocarbon  of  the  formula  C,H8.  But 
of  the  formula  C8H10  there  are  four;  of  C9H18,  eight;  and 
of  C10H14,  nineteen.  The  number  of  isomers  increases  very 
rapidly  with  the  rising  content  of  carbon.  The  number  of 
cases  of  isomerism  is  also  very  great  when  the  hydrogen  of  a 
highly  constituted  hydrocarbon  is  substituted  by  chlorine, 
hydroxyl,  etc. 

But  relatively  few  of  the  vast  number  of  compounds  which 
we  see  in  perspective  are  known,  and  this  is  particularly  the 
case  in  the  higher  series. 

Methylbenzene,  Toluene,  Toluol,  C6H5~CH3,  or  C,H8. 
Toluene  with  other  methylated  benzenes,  as  dimethyl- and  tri- 
methylbenzene,  is  formed,  together  with  benzene,  by  exposing 
many  organic  compounds  to  a  very  high  temperature.  These 
methylated  benzenes  arc  separated  from  benzene  and  from  each 
other  by  fractional  distillation. 

In  its  physical  properties,  toluene  resembles  benzene  com- 
pletely. It  is  a  colorless  oil  with  nearly  the  same  odor  as 
benzene.  It  boils  at  111°,  but  does  not  become  solid  under  0°. 
It  can  be  made  from  benzene  artificially,  by  digesting  a  mix- 
ture of  monobrombenzene  and  methyl  iodide  with  sodium  : 

C0H5Br  +  CH3I  +  Na3  =  C6H5-CH3  +  NaBr  +  Nal. 

This  reaction  is  adapted  to  the  production  of  any  higher 
aromatic  hydrocarbon  from  benzene.  To  produce  ethylben- 
zene,  ethyl  iodide  is  used,  and  so  on.  Toluene  can  also  be 
converted  into  monobromtoluene,  which  with  methyl  iodide 
yields  dimethylbenzene. 

The  methyl-group  of  toluene  is  converted  by  oxidizing 
agents  into  carboxyl,  COOH.  This  is  the  case  not  only  when 
the  group  is  methyl,  but  also  when  it  is  a  methyl  derivative  of 
higher  carbon  content.  Methylbenzene,  C6H5"CH3,  and  ethyl- 
benzene,  CGH5~C2H5,  both  yield  the  same  carboxylbenzene, 
C6H5~COOH  (benzoic  acid).  The  oxidation  of  aromatic 
hydrocarbons  affords,  therefore,  a  reliable  method  of  deter- 
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mining  how  many  atoms  of  hydrogen  in  benzene  are  substituted 
by  hydrocarbon  rests.  If  C8H10,  for  instance,  yields 
CcH5COOiI  on  oxidation,  it  must  be  ethylbenzene,  while  if 
CcH4(COOH)2  u  formed,  it  is  proved  to  be  dimethylbenzene. 

When  chlorine  acts  on  toluene  in  the  cold,  the  hydrogen  of 
the  benzene  nucleus  is  substituted  (C6H4CrCH3),  but  if  the 
action  takes  place  in  heated  toluene,  the  hydrogen  of  the  side- 
chain  is  substituted,  C6H5~CH2C1. 

The  following  chlorine  derivatives  of  toluene  are  known  : 


CKH.C1  ch. 


C,.H.,C1»  CH, 


Monochlortoluene 


Bichlortoluene 


CfiH2Cl3  CH3 

Trichlortoluene 


C6HC14~CH3 

Tetrachlortoluene 


C6C15  CH3 

Pciitachlortoliiene 


C6HB-CH,01 

Benzyl  chloride 

C6H2C13"CH2C1 

Tiichlorbenzyl  chloride 

C6H5  CHC12 

Benzyl  dichloride 

CCH2C13"CHC12 

Trichlorbenzyl 
dichloride 

C  6  H  g  C  CI  3 

Phenylchloroform. 


C6H4C1"CH2C1 

Cnlorbenzyl  chloride 

C6HC14_CH2C1 

Tetrachlorbenzyl  chloride 

C6H4CrCHCl2 

Monochlorbenzyl  dichloride 

CCHC14_CHC12 

Tetrachlorbenzyl 
dichloride 

cGH4crcci3 

Moiioclilorphenylchloroforin 


C6H3C12-CH2C1 

Dichlorbenzyl  chloride 

C6C15"CH2C1 

Pentachlorbenzyl  chloride 

C6H3C12-CHC12 

Dichlorbenzyl  dichloride 

CGClg_CHCl2 

Pentaclilorbenzyl 
dichloride 

C(.H3C12  CC13 

Dichlorphenylchloroform 


C6H2C13"CC13 

Trichlorphenylchloroform 


C(;HCl4_CCi3 

Tetrachlorphenylchloroform 


Almost  every  one  of  these  compounds  exists  in  several  iso- 
meric modifications,  e.g.,  there  are  three  isomeric  monochlor- 
tolucnes.  We  see  hence  that  the  number  of  isomeric  derivatives 
is  enormous. 


If  chlorine  is  led  into  cooled  toluene,  chlorinated  derivatives  are  obtained 
in  which  the  hydrogen  of  the  benzene  nucleus  is  replaced.  But  if  the 
toluene  is  boiling,  the  hydrogen  of  the  methyl-group  is  substituted,  and 
the  substitution  thus  takes  place  in  the  side-chain.  The  extent  of  substi- 
tution (mono-,  di-,  tri-chlortoluene,  etc.),  depends  on  the  duration  of  the 
action.  If,  however,  chlorine  is  passed  through  toluene  which  contains 
iodine,  so  that  it  is  really  exposed  to  the  action  of  IC13,  the  substitution 
takes  place  in  the  benzene  nucleus,  even  when  boiling. 


BENZYL  CHLORIDES. 
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1.  a).  Monochlortoluene,  CGH4C1  CH3.  All  three  isomers  arc  known. 
The  ortho-  and  meta-compounds  boil  at  156°,  the  para  at  160°. 

1.  b).  Benzyl  Chloride,  CGH5~CH2C1,  is  formed  by  lead- 
ing chlorine  through  boiling  toluene,  or  by  the  action  of  IIC1 
on  benzyl  alcohol,  C6H5"CH2OH.  It  is  a  colorless  liquid 
boiling  at  176°.  On  oxidation  it  passes  into  benzoic  acid, 
C6H6"COOH  (p.  239). 

If  a  mixture  of  benzyl  chloride  and  benzene  is  warmed  with 
aluminum  chloride,  HC1  is  evolved  and  benzylbenzene,  or 
diphenylmethane,  CGH5"CH2"C6H5,  is  obtained.  It  forms 
needles  fusing  at  2G°  and  boiling  at  261°.  On  oxidation  it  is 
converted  into  benzophenone,  C6Hg~CO~C6H5. 

This  reaction  is  applicable  to  all  chlorides  of  the  fatty  compounds  and 
those  chlorides  of  the  aromatic  compounds  in  which  the  chlorine  is  in  the 
side-chain.  If  a  chloride  of  this  kind  is  mixed  with  an  aromatic  hydro- 
carbon and  treated  with  aluminum  chloride,  chlorhydric  acid  is  elimin- 
ated, and  a  compound  of  the  two  organic  bodies  is  formed,  although  the 
aluminum  chloride  does  not  take  part  in  the  reaction. 

Methyl  chloride  and  benzene  with  the  addition  of  aluminum  chloride, 
give  toluene  and  also  dimethylbenzene,  trimethylbenzene,  etc. 

CHBC1  +  C.H,  =  CH3-C6H,  +  HC1  ; 
2CH.C1  +  C6H6  =  CH^CHa),  +  2  HC1,  etc. 

Chlorine  gives  under  the  same  conditions  with  benzene,  triphenylme- 
thane,  CBH3(CH3)3.  Acetyl  chloride  gives  with  benzene,  acetophenone, 
(methylphenylketone),  CcH5_CO"CH3. 

2.  a).  Dichlortolnene,  C0H3Cl.rCH3,  is  formed  by  leading  chlorine 
into  toluene  containing  iodine.  It  boils  at  196°,  and  on  treatment  with 
oxidizing  agents  is  converted  into  dichlordracylic  acid,  CeH3Cl2~COOH. 

2.  b).  Monochlorhenzyl  chloride,  G,H4CI"CH,C1,  is  obtained  by  leading 
chlorine  into  benzyl  chloride  containing  iodine,  or  by  the  action  of  chlo- 
rine on  boiling  toluene.  It  boils  at  214°.  On  oxidation  it  is  converted 
into  chlordracylic  acid 

2.  c).  Benzol  chloride,  CcHrCHCl2,  is  produced  either  by  the  action 
of  chlorine  on  boiling  toluene,  or  phosphorus  pentachloride  on  benzyl  al- 
dehyde (bitter  almond-oil),  CHrCHO.  It  boils  at  207°,  and  by  oxida- 
tion is  converted  into  benzoic  acid,  Cs,Hr,~COOH. 
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3.  a).  Trichlortoluene,  CeHoCl-TCEU,  is  formed  by  leading  chlorine 
into  toluene  containing  iodine.  It  boils  at  235°,  and  is  converted  by  ox- 
idation into  trichlordracylic  acid,  CgH2C13~COOH. 

3.  b\  Dichlorbenzyl  chloride,  C6H3Cl2~CHCl2,  is  obtained  by  leading 
chlorine  into  benzyl  chloride  containing  iodine,  or  by  leading  chlorine 
into  boiling  dichlortoluene.  It  boils  at  241°,  and  on  oxidation  passes 
into  dichlordracylic  acid,  C6H3Cl2_COOH. 

We  shall  not  proceed  farther  with  the  description  of  the  chlorinated 
toluenes,  as  we  have  now  learned  the  methods  by  which  all  the  remaining 
derivatives  can  be  produced. 

According  to  the  duration  of  the  action  of  chlorine  on  boiling  toluene, 
we  obtain,  C6H5-CH2C1,  C0HrCHCl2,  or  C.B«"CC1,.  If  a  chlorin- 
ated toluene  is  employed  instead  of  toluene,  further  chlorinated  deriva- 
tives are  produced.  If  monochlortoluene,  C6H4C1"CH3,  is  used  we  ob- 
tain, C6H4CrCHoCl,  C6H4CrCHCl2,  and  C6H4CrCCl3 ;  dichlortoluene, 
C6H3CirCH3,  yields  Cr,H3Cl2-CH2Cl,  C,H,Cla-CHCl„  C6H3C12-CC13,  etc. 
The  chlorine  can  hence  be  introduced  into  the  side-chain  at  will.  The 
chlorine  can  be  introduced  into  the  benzene  nucleus  with  the  same  ease 
by  either  cooling  the  toluene,  or  adding  iodine.  In  this  way  we  can  obtain 
from  toluene  : 

C6H4CrCH3 ;  C«H,Cla_CH, ;  C6HaCl8"CH,  etc. 

From  benzyl  chloride,  CBH5"CH2C1,  we  have  : 

CcH4CrCH2Cl ;  C6H3C12-CH2C1  ;  C.HsCl,-CHaCl,  etc. 

From  benzal  chloride,  C6H5~CHC12, 

C„H4CrCHCl2  ;  C0H3C12-CHC12 ;  C.H4CirCHCla,  etc. 

Bromine  and  iodine  act  similarly  to  chlorine.  As  the  nu- 
merous bromine  and  iodine  derivatives  resemble  the  chlorine 
compounds,  we  shall  omit  them. 

The  nitro-derivatives  are,  however,  worthy  of  attention. 
According  to  the  theory,  three  mononitrotoluenes  are  possible. 
All  three  are  known.  Two  of  them  are  formed  by  the  action 
of  nitric  acid  on  toluene.    One  of  them  is  a  liquid  (liquid 

nitrotoluene),  and  has  the  constitution,  CCH4  j  ^  qjj*.  It 

boils  at  223°,  and  is  completely  destroyed  by  boiling  with 
chromic  acid  solution.    Boiling  dilute  nitric  acid,  however, 
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converts  it  into  orthonitrobenzoic  acid,  C6H4  j  ^  qqqjj«  The 
other  is  solid  at  ordinary  temperatures,  fuses  at  54°  and  boils 
at  236°.    It  has  the  constitution,  C6H4  j^^2,  and  yields 

on  oxidation  nitrodracylic  acid  C6H4  j  ^  cOOH' 

The  third  nitrotoluene  is  not  obtained  directly  by  the  action 
of  nitric  acid  on  toluene,  but  by  an  indirect  method  from 
nitroamidotoluene.  (By  conversion  into  the  diazo-compound 
and  then  into  the  nitrotoluene).  It  is  liquid  at  ordinary  tem- 
peratures, solidifies  when  cooled,  and  fuses  then  at  16°.  It 

boils  at  231°,  and  has  the  constitution,  C6H4  |  3  CH2*  ^n 
oxidation  it  yields  nitrobenzoic  acid,  C6II4  j  g  ^qqjj* 


The  fourth  nitro-derivative  of  toluene,  in  which  the  nitro-group  is  in 
the  side-chain,  C6H5~CH..i'~N02,  has  not  yet  been  obtained. 

All  four  hydroxyl-derivatives  of  toluene  have  been  pro- 
duced. Those  which  contain  the  OH  in  the  benzene  nucleus 
are  called  cresols.  When  it  is  in  the  side  chain,  they  are 
known  as  benzyl  alcohols. 

Benzyl  alcohol  is  a  true  primary  alcohol,  and  yields  benzyl- 
aldehyde  and  benzylic  or  benzoic  acid  on  oxidation  : 

C6H4  j  Cresol. 

C6H5  CH2OH  Benzyl  alcohol  (like  CH3CH3OH) 

CGH5CHO  Benzaldehyde  (like  CH3CHO) 

C6H5COOH  Benzoic  acid  (like  CH3COOH). 

The  cresols  are  phenols.  Two  of  them,  the  ortho-  and 
paracresol,  occur  in  coal-tar.  Tbe  properties  of  all  three  of 
them  resemble  those  of  phenol.  Orthocresol  fuses  at  31°  and 
boils  at  185°  ;  metacresol  is  liquid  and  boils  at  201°  ;  para- 
cresol fuses  at  36°  and  boils  at  199°.    By  the  action  of  oxidiz- 
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ing  agents  on  them,  or  rather  on  their  methyl  ethers,  or  acetic 
esters,  the  CH3  is  converted  into  carboxyl,  while  the  hydroxy! 
remains  unchanged.    A  body  is  thus  obtained  of  the  com- 


position C6H4  -j  COOTT*    These  compounds  have  the  same 


relation  to  the  phenols  as  the  glycollic  acids  to  the  alcohols, 
and  are  at  once  both  phenols  and  acids.  They  are  called 
hydroxybenzoic  acids. 

Benzyl  Alcohol,  C6H5"CH2(OH),  or  C7H80,  is  formed  from 
benzyl  chloride  (which  is  produced  by  leading  chlorine  into 
boiling  toluene)  by  digesting  with  potassium  hydroxide  : 


2  C6H5"CHO  +  KHO  =  C6H5_COOK  +  C6H5-CH3OH. 


All  of  these  methods  of  formation  show  very  distinctly  the  constitu- 
tion of  benzyl  alcohol.  Chlortoluene  does  not  yield  a  cresol  on  diges- 
tion with  potassium  hydroxide,  because  the  chlorine  which  is  in  the 
benzene  nucleus  is  not  easily  substituted.  On  the  other  hand,  benzyl 
chloride  acts  like  a  chloride  of  the  fatty  series.  The  conversion  of  benz- 
aldehyde  into  benzyl  alcohol  by  reduction  is  exactly  analogous  to  the 
general  property  of  the  reduction  of  aldehydes  to  alcohols  mentioned  on 
page  85. 

Benzyl  alcohol  is  a  colorless  liquid  with  an  aromatic  odor, 
boiling  at  207°,  and  insoluble  in  water.  It  is  oxidized  by 
nitric  acid  into  bcnzaldehyde  (bitter  almond-oil).  Boric  an- 
hydride converts  it  into  benzyl  ether  : 


Potassium  benzoate 


2C6H5"CH2OH  = 


■No  +  H20. 


2/ 


By  treating  benzyl  alcohol  with  gaseous  chlorhydric  acid,  it 
is  converted  into  benzyl  chloride,  C6H5~CH2C1. 


BENZALDEHYDE. 
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The  principal  esters  of  benzyl  alcohol  are  : 

Benzyl  Acetic  Ester,  C6H5~CH2~0"C2H30,   (b.  p.  210°). 

Benzyl  Benzoic  Ester,  C6H5~CH2~0~C7H50. 

Benzyl  Cinnamic  Ester,  C6H5"CH2"0"C9H,0  (see  later). 

Benzyl-benzoic  ester  and  benzyl-cinnamic  ester  occur  in 
balsams  of  Peru  and  Tolu. 

( OFT 

Besides  the  three  cresols,  C6H4  -j  qjj  ,  and  benzyl  alcohol,  CgH5-CH2OH, 

we  have  already  met  another  body  of  the  formula,  C7H„0,  viz. :  anisoil, 
C6HrO"CH3,  the  methyl  ether  of  phenol  (p.  210). 

Benzaldehyde,  Bitter  Alinond-Oil,  C6H5~CHO,  or  C7H60. 
Bitter  almond-oil  does  not  occur  in  the  free  state  in  nature, 
but  is  formed  by  a  peculiar  fermentation  of  a  glucoside,  amyg- 
dalin,  existing  in  bitter  almonds,  by  which  it  breaks  into  dex- 
trose, cyanhydric  acid  and  benzaldehyde  : 

CgoH^NO,,  +  2H20  =  2C6H1206  +  CNH  +  C7H60. 

Bitter  almond-oil  is  obtained  by  distilling  bitter  almonds  with  water. 
It  distils  over  with  cyanhydric  acid  and  steam,  and  separates  as  a  heavy 
oil  in  the  distillate.  It  is  also  formed  by  the  decomposition  of  benzr.l 
chloride  with  sulphuric  acid,  and  further  by  heating  benzyl  chloride  with 
lead  nitrate. 

It  is  a  colorless,  strongly  refractive  liquid  with  the  odor  of 
bitter  almonds.  It  has  a  burning  taste,  boils  at  180°,  and  is 
difficultly  soluble  in  water.  It  is  not  poisonous,  although  the 
crude  bitter  almond-oil,  on  account  of  its  containing  cyan- 
hydric acid,  is  poisonous.  Benzaldehyde  has  all  the  charac- 
teristic properties  of  an  aldehyde ;  it  unites  with  acid  alkali 
sulphites  to  form  crystalline  compounds  ;  oxidizing  agents 
convert  it  into  benzoic  acid ;  hydrogen  sulphide  converts  it 
into  benzsulphaldehyde,  06H5"CIIS.  Phosphorus  penta- 
chloride  transforms  it  into  benzal  chloride,  C0HS"CHC12, 
i.e.,  its  oxygen  is  replaced  by  2  CI.  It  is  nitrated  by  fuming 
nitric  acid,  forming  nitrobenzaldehyde,  CeH4(N02)~CHO. 
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When  mixed  with  potassium  cyanide  and  allowed  to  stand 
some  time,  it  is  converted  into  a  polymeric  body,  benzoin, 
C14H1303  =  2C,H60,  which  crystallizes  in  colorless,  odor- 
less prisms  insoluble  in  water,  from  which  chlorine  abstracts 
two  H's,  forming  benzil,  G ,  iH1 ,, 02.  Benzil  is  converted  back 
into  benzoin  by  the  action  of  hydrogen.  Alcoholic  potassa 
changes  it  into  benzilic  acid,  C14H1203  : 

C14H10O2  +  KOH  =  C14HMK0s. 

Potassium  benzilate 
The  constitution  of  these  bodies  is  probably  : 

C6H5-CO-CH(OH)-C6H5  C6HrCO-CO-C6H6 
Benzoin  Benzil 

(CcH5)2=C(OHfC02H. 
Benzilic  acid 

Benzaldehyde  is  converted  into  its  pinacone  (p.  113),  by  reduction  with 
sodium  amalgam,  or  zinc  and  chlorhydric  acid,  the  formula  of  this  body 
is:  C14H140,  =  C„HrCH(OH)-CH(OH)-CcH6,  hydrobenzoU.  It  forms 
tablets  fusing  at  134°.  On  oxidation,  it  is  converted  into  benzoin  and 
benzil,  and  finally  into  benzoic  acid.  Like  all  pinacones,  hydrobenzoin 
splits  out  water  easily  and  passes  into  the  pinacoline,  Ci4Hi.O  (f.  p.  131°). 
On  the  other  hand,  benzoin  forms  by  reduction  with  zinc  and  chlorhydric 
acid  a  compound,  Ci4H120,  desoxybenzolii  (phenylbenzylkelone)  • 

C6H5-CO-CH,-C6H5. 

There  is  also  formed  by  the  reduction  of  benzaldehyde  an  isomeric 
compound,  d4Hi402,  isohydrobenzotn,  which  also  splits  out  water  easily 
and  is  converted  into  Ci4Hi20,  (f.  p.  102°). 

Benzaldehyde  is  converted  by  the  action  of  ammonia  into  hydrobenza- 
mide,  C2iHISN2,  which  forms  octahedrons  fusing  at  110°.  This  body,  on 
boiling  with  alkalis,  falls  into  isomeric  and  strongly  basic  amarine  (prisms 
fusing  at  100°),  and  by  distillation,  into  another  isomeric  compound, 
lophine,  C21HieN2,  which  forms  needles  fusing  at  270°. 

Benzaldehyde  also  unites  with  cyanhydric  acid  forming  the  nitrile  of 
phenylglycollic  acid,  C6Hr>~CH(OH)~CN,  which  with  ammonia  yields 
easily  the  nitrile  of  phenylamidoacetic  acid,  CUH5-CH(NH2)~CN.  The 
nitriles  are  easily  converted  into  phenylglycollic  acid  : 


C6H,-CH(OH)-COOH, 


BENZOIC  ACID. 
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and  phenylamidoacetic  acid,  C6H5~CH(NH2)COOH,  by  boiling  with  chlor- 
hydric  acid. 

Sodium  eliminates  the  oxygen  from  benzaldehyde,  and  the  two  rests 
free  from  oxygen  unite,  forming  sti'.bene  : 

C14Hl2  =  C6HrCH=CH-C6H5, 

which  is  a  molecule  of  ethylene  in  which  two  H's  are  replaced  by  two 
benzene  rests  (diphenylethylene).  The  same  compound  is  obtained  by  the 
distillation  of  benzyl  sulphide,  (C6H5CH2),S.  It  crystallizes  in  thin, 
colorless  leaflets  fusing  at  120°. 

Benzoic  Acid,  Phenylformic  Acid,C6K.5~COOTl,  or  C,H603. 
Benzoic  acid  is  the  first  aromatic  carboxylic  acid  that  we  have 
met.  We  have  seen  that  the  phenols*  exhibit  acid  properties 
when  containing  nitro-gronps,  but  we  shall  meet  with  a  large 
number  of  true  carboxylic  acids  among  the  aromatic  com- 
pounds. These  acids  behave  in  the  same  manner  as  the  acids 
of  the  fatty  series. 

The  hydrogen  of  the  carboxyl  is  easily  replaceable  by  metals. 
An  aromatic  acid,  therefore,  which  contains  one  carboxyl- 
group  as  a  side-chain  is  monobasic.  When  two  carboxyls  are 
present,  it  is  dibasic,  etc. 

The  hydroxyl  of  the  carboxyl  of  the  aromatic  carboxylic 
acids  can  be  replaced  by  chlorine,  bromine,  or  iodine  (aci- 
chlorides)  by  ammonia  (amides)  and  by  acid  rests  (anhy- 
drides). By  distillation  with  a  formate,  they  can  be  converted 
into  their  aldehydes,  and  with  the  salt  of  another  organic 
acid,  into  the  corresponding  ketones.  As  they  are  aromatic 
acids,  chlorine,  bromine,  iodine,  the  nitro-group,  and  the 
amido-group  can  be  easily  introduced  into  the  benzene  nu- 
cleus, yielding  an  immense  number  of  derivatives,  many  of 
which  are,  of  course,  isomeric. 


*  The  H  of  the  EC"OH  group,  in  a  tertiary  alcohol  resembles  somewhat 
the  H  of  the  carboxyl  group,  0=C~OH,  in  being  replaceable  by  metals. 

i 

The  phenols  are  tertiary  alcohols. 
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Benzoic  acid  occurs  in  gum-benzoin  and  other  gums.  It  is 
formed  by  the  oxidation  of  toluene  and  benzaldehyde,  and 
also  by  the  simultaneous  action  of  carbonic  acid  and  sodium 
on  brombenzene  : 


It  is  usually  made  by  heating  gum-benzoin,  which  sublimes  the  benzoic 
acid,  or  by  the  decomposition  of  hippuric  acid  (see  later),  which  occurs 
in  the  urine  of  herbivora,  by  boiling  with  chlorhydric  acid,  which  de- 
composes the  hippuric  acid  into  glycocoll  and  benzoic  acid,  or  finally  by 
heating  phenylchloroform,  C,,H5~CC13,  with  water. 

Benzoic  acid  forms  thin,  colorless,  glittering  leaflets  with 
a  "weak  aromatic  odor,  which  fuse  at  120°  and  boil  at  249°, 
although  it  sublimes  under  100°.  It  is  difficultly  soluble  in 
cold  water,  more  easily  in  hot,  and  very  soluble  in  alcohol  and 
ether. 

It  is  a  monobasic  acid,  and  forms  salts  with  bases,  which 
are  mostly  easily  soluble  in  wrater.  If  a  benzoate  is  submitted 
to  dry  distillation  with  an  excess  of  alkali,  benzene  and  a  car- 
bonate are  formed.  This  reaction  is  analogous  to  the  forma- 
tion of  methane  from  acetic  acid  (p.  15)  : 


If,  however,  a  benzoate  is  submitted  to  dry  distillation  by 
itself,  a  ketone,  benzophenone,  C6H5"CO"C6Hg,  is  produced, 
in  the  same  manner  that  acetone  is  obtained  from  an  acetate  : 


C6H5Br  +  Na8  +  C02  =  C6H5_COONa  +  NaBr. 


CH3"COONa  +  NaHO  =  CH4  +  Na2C03 


Sodium  acetate  Methane 


C6H5-COONa  +  NaHO  =  C„H6  +  Na2C03. 


Sodium  benzoate  Benzene 


Acetone 


Benzophenone 


e^s  \CO  +  Na2C03. 
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The  aromatic  ketones  are  also  formed  when  an  acid  and  a 
hydrocarbon,  both  of  which  belong  to  the  aromatic  series, 
are  heated  with  phosphoric  anhydride,  which  acts  as  a  de- 
hydrating agent : 

C6H5COOH  +  C6H6  =  C6H5-CO-C6H5  +  H30. 

Benzoic  acid  Benzene  Benzophenone 

Benzophenone,  C13H10O,  crystallizes  in  prisms  fusing  at 
49°  and  boiling  at  295°.  Fuming  nitric  acid  converts  it  into 
dinitrohenzophenone  ;  nascent  hydrogen  into  benzhydrol : 

c:h:>ch<oh>> 

(as  acetone  is  converted  into  isopropyl  alcohol).  Benzhydrol 
is  a  secondary  alcohol  containing  two  benzene  rests  together 
with  the  group  CH(OH)  (just  as  isopropyl  alcohol  contains 
two  methyl  groups). 

By  the  diy  distillation  of  a  mixture  of  a  benzoate  and  a  salt 
of  another  organic  acid,  mixed  ketones  are  obtained,  e.  g., 
from  an  acetate  and  a  benzoate  we  get  metliylplienylketone, 

or  acetophenone,  q  j|  ^CO,  etc. 

Sodium  amalgam  converts  this  compound  into  the  secondary  alcohol, 
CsHs-CH(OH)-CH3. 

By  treating  benzoic  acid  with  phosphorus  pentachloride, 
we  obtain 

Benzoyl  Chloride,  C6H5C0C1,  which  corresponds  to  acetyl 
chloride  CH3"C001  (p.  93). 

C6H6COOH  +  PC15  =  C6H5C0C1  +  HC1  +  POCl3. 

It  is  a  colorless  liquid  with  a  pungent  odor  which  causes 
violent  weeping.  It  boils  at  199°.  It  decomposes  gradually 
with  water  into  benzoic  and  chlorhydric  acids  : 

C6H5C0C1  +  II20  =  C6H6COOH  +  HC1. 
16 
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The  chlorine  of  benzoyl  chloride  is  easily  replaced  by  other  atoms,  or 
groups.  With  potassium  bromide  it  yields  benzoyl  bromide,  C6H5_COBr; 
with  potassium  iodide,  benzoyl  iodide,  C6H5~COI;  with  potassium  cyan- 
ide, benzoyl  cyanide,  CcH5~COCN;  with  phosphorus  pentachloride  at  a 
high  temperature  (200°),  its  oxygen  is  replaced  by  two  chlorine  atoms, 
forming  benzotrichloride : 

C.H.-COC1  +  PCls  =  C6HrCCl3  +  POCI3. 

Benzoyl  chloride  forms  with  sodium  benzoate 

Benzoic  Anhydride,  q625"C0/^  : 

C6H5C0C1  +  C6H5_COONa  =  NaCl  +  ^Hg-CO^0* 

Benzoic  anhydride  forms  colorless,  prismatic  crystals,  fusing 
at  42°  and  boiling  at  350°,  insoluble  in  water,  and  easily  solu- 
ble in  alcohol  and  ether. 

If,  instead  of  sodium  benzoate,  benzoyl  chloride  is  mixed  with  the 
sodium  salt  of  another  acid,  mixed  anhydrides  are  obtained.  Sodium 
acetate  for  instance,  gives 

C  H'~ CO\ 
Benzoylacetic  Anhydride,  q^-qq/®  '• 

C6HrCOCl  +  CH3-COONa  =  NaCl  +  CH^-C(£>a 

Benzoyl  reacts  with  ammonia,  forming  Benzamide : 
06H5-C001  +  NH3  =  C6H5-CONH3  +  HOI. 

Benzamide  crystallizes  in  leaflets,  fusing  at  125°  and  boiling 
at  288°.  It  is  soluble  in  hot  water,  easily  in  alcohol  and  ether. 
It  possesses  weak  basic  properties. 

The  hydrogen  of  the  carboxyl  of  benzoic  acid  can  also  be  sub- 
stitued  by  hydrocarbon  rests,  forming  esters,  e.g.,  methyl  benzoic 
ester,  C6H5"COOCH3,  ethyl  benzoic  ester,  C6H6"COOC3H6, 
etc. 

These  esters  are  made  by  dissolving  benzoic  acid  in  the 
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proper  alcohol,  and  leading  chlorhydric  acid  gas  through  the 
solution. 

The  esters  Can  also  be  easily  made  by  acting  on  the  alcohols 
with  benzoyl  chloride.  Benzoyl  chloride  reacts  with  water, 
forming  benzoic  acid  and  chlorhydric  acid  : 

C6H6"C0C1  +  HOH  =  C6H5-COOH  +  HC1. 

If  instead  of  water,  an  alcohol  (substituted  water)  is  taken,  an 
ester  and  chlorhydric  acid  are  produced  : 

C6H5-C0C1  +  CH3OH  =  C6H5-COOH3  +  HC1. 

In  this  manner  phenyl  benzoic  ester,  C6H5~COOC6H5,  is  obtained.  It 
crystallizes  in  colorless  prisms,  which  fuse  at  66°,  and  are  volatile  without 
decomposition. 

The  derivatives  which  we  have  thus  far  considered  have 
been  produced  by  substitutions  in  the  carboxyl.  We  shall  now 
take  up  those  in  which  the  substitution  takes  place  in  the 
benzene  nucleus. 

Monochlorbenzoic  acid,  C6H4C1~C00H.  There  are  three 
compounds  of  this  composition,  which  bear  different  names. 

(  1  CI 

1)  Chlorsalylic  Acid,  C6H4  <  g  COOH'  *s  Pro^ucec^  by  the  action  of 
phosphorus  chloride  on  sodium  salicylate  (see  later).  It  forms  colorless 
crystals  fusing  at  137°,  which  are  converted  into  benzoic  acid  by  the  action 
of  nascent  hydrogen,  and  into  salicylous  acid  by  fusing  potassium 
hydroxide. 

C6H4C1-C02H  +  KHO  =  C6H4(OH)C02H  +  KC1. 
Chlorsalylic  acid  Salylic  acid 

( 1  CI 

2)  Chlorbenzoic  Acid,  C6H4  <  g  COOH'  *s  obtained  directly  from  ben- 
zoic acid  by  the  action  of  chlorine.    Colorless  needles  fusing  at  152°. 

3)  Chlordracylic  Acid,  C6H4  COOH'  *s  Pr°duced  by  the  oxidation 
of  monochlortoluene  (1 .  4).    Colorless  scales  fusing  at  237°. 

The  three  brombenzoic  acids,  the  three  iodobenzoic  acids,  and  the 
three  nitrobenzoic  acids  are  also  known. 
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Xiirobenzoic  Acid,  C6HvX02)~COOH,  is  formed  by  the  action  of 
fuming  nitric  acid  on  benzoic  acid.  The  metanitrobenzoic  acid  is  the 
chief  product,  the  other  two  being  obtained  in  lesser  amounts.  The 
metanitrobenzoic  acid  forms  needles  fusing  at  141°.  The  ortho-compound 
is  also  formed  by  oxidation  of  orthonitrotoluene.  It  forms  prisms  fusing 
at  147'.  The  para-compound,  which  is  also  obtained  by  the  oxidation  of 
nitrotolnene,  forms  leaflets  fusing  at  238J. 

They  are  changed  by  reduction  into  amido-aeids,  which  under  the 
proper  conditions  yield  azoxy-,  azo-,  and  hydrazo-compounds. 

The  nitrobenzoic  acids  yield,  when  boiled  with  alcoholic  potassa, 

Azoxybenzoic  Acids,  ^^^/O- 

Sodium  amalgam,  converts  the  nitrobenzoic  acids  into  azobenzoic  acids, 

CtH4(COOHi"X  ,     .  .x.j* 

ii    which  by  further  reduction  pass  into  liydrazobenzoic 
C(H4(COOH)-X' 

C6H4(COOH)-XH  ,  "  „  ,  , 

atids  i    .  which  by  the  action  of  silver  oxide  are  converted 

'  C6H4(COOH  rXH  J 
back  into  the  azo-compounds. 

There  are  also  four  dinitrobenzoic  acids,  C6H3(N02)2COOH,  and  one 
trinitrobenzoic  acid,  C6H2(XOs)3COOH,  known. 

Amidobenzoic  Acids,  C6H4(NH2)COOH.  The amidobenzoic 
acids  correspond  to  the  nitrobenzoic  acids.  All  three  of  the 
monamidobenzoic  acids  are  known.  They  possess  basic  prop- 
erties and  unite  with  acids  to  form  salts,  hut  since  they  contain 
the  carboxyl  group,  the  hydrogen  of  which  can  easily  be  sub- 
stituted by  metals,  they  also  possess  acid  properties.  This 
compound  may  be  compared  to  glycocoll  (p.  98). 

CH2(NH2)~COOH  Glycocoll, 
C6H4(NH2)"COOH  Amidobenzoic  acid. 

The  aromatic  compounds,  however,  exhibit  some  characteristic 
differences. 

The  three  amidobenzoic  acids  have  also  different  names  : 
AnthraniUc  Acid,  C.H,      cOOII'  is  f°rmcd  b>' heatipS  indigo-blue 
With  potassium  hydroxide  and  manganese  di-oxide.    It  crystallizes  in 
glittering  yellow  leaflets,  difficultly  soluble  in  cold  water,  and  easily  in 
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hot.  It  fuses  at  144°,  and  sublimes  without  decomposition.  It  unites 
with  both  bases  and  acids,  forming  finely  crystallizable  compounds.  On 
rapid  heating,  it  breaks  into  aniline  and  carbonic  acid  : 

C6H5(NHo)COOH  =  C6H5_NH2  +  C02. 

Amidobenzoic  Acid,  C6H4  j  g  CCM3H'  ^  0btamed  from  the  correspond- 
ing nitrobenzoic  acid  by  reduction  with  ammonium  sulphydrate.  Color- 
less prisms  fusing  at  173°,  subliming  without  decomposition,  difficultly  solu- 
ble in  cold  water,  easily  in  hot.  It  forms  salts  with  both  acids  and  bases. 
Its  ethyl  ester,  C.H4(NHa)COOC4H5,  and  amide,  C6H4(NH2)CO(NH2),  are 
worthy  of  notice. 

Amidodracylic  Acid,  C6H4  j  ^  COOH'  *s  Pr°ducecl  DJT  the  reduction  of 
nitrodracylic  acid  with  ammonium  sulphydrate.  It  forms  colorless 
rhombohedrons  fusing  at  186°,  and  otherwise  resembles  amidobenzoic 
acid. 

Nitrous  acid  converts  the  amidobenzoic  acids  into  diazo-compounds. 
The  diazo-compounds  of  amidobenzoic  acid  have  been  the  more  thoroughly 
examined. 

If  nitrous  acid  is  passed  into  an  alcoholic  solution  of  amidobenzoic  acid, 
small  orange  crystals  separate,  which  are  the  amidobenzoic  compound  of 
diazobenzoic  acid  : 

2  C6H4(C02H)NH2  -f  HN02  =  C6H4(C02H)-N=N-NH(C02H)C6H4 
+  2H20. 

If  nitrous  acid  is  conducted  through  an  aqueous  solution  of  amidoben- 
zoic acid,  however,  diazobenzoic  acid  nitrate  is  obtained  : 

C6H4(C02H)NH2 .  HNO,  +  HN02  =  C.H4(CO,H)-N=irN03  -f  2  H20. 

The  nitric  acid  rest,  N~03,  of  diazobenzoic  acid  nitrate  can  be  replaced 
by  CI,  HS04,  etc.,  in  which  case  the  chloride,  sulphate,  etc.,  of  diazoben- 
zoic acid  are  formed.  On  boiling  with  water,  the  diazobenzoic  acid  com- 
pound is  decomposed,  and  at  the  same  time,  also,  the  diazobenzene,  the 
double  atom  of  nitrogen  being  eliminated  and  hydroxyl  taking  its  place  : 

C.H«(C04H)-N=N-NO,  +  H20  =  C6H4(C02H)OH  +  N2  +  HN03. 

An  hydroxybenzoic  acid  is  thus  obtained. 

Of  the  higher  amidated  benzoic  acids,  we  shall  mention  only  the 
diamidobeuzoic  acid,  C6H3(NH2)2COOH,  which  is  obtained  by  the  reduc- 
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tion  of  dinitrobenzoie  acid,  C0H3(NO..)2COOH.  It  is  difficultly  crystalliz- 
able,  owing  to  its  remarkable  solubility.  As  the  amido-groups  predomi- 
nate, it  does  not  possess  acid  properties,  i.e.  does  not  unite  with  bases, 
but  forms  salts  with  two  molecules  of  acid. 

Since  an  H  of  benzene  can  be  replaced  by  the  group  S03H, 
forming  benzenesulphonic  acid,  C6H5-S03H,  an  H  of  the 
benzene  nucleus  of  benzoic  acid  can  also  be  substituted  by 
S03H,  yielding  snlphobenzoic  acid. 

Benzoic  acid  and  sulphuric  anhydride  yield  snlphobenzoic  acid, 

l  OA  TT 

C6H4  ]qq3£j,  a  deliquescent,  easily  decomposable  compound,  which  is 

dibasic,  and  forms  two  series  of  salts,  of  which  the  beautifully  crystalliz- 
able  acid  barium  salt  is  worthy  of  mention .  Sulphobenzoic  acid  can  be 
nitrated.    One  or  both  of  the  hydroxy!  s  can  be  replaced  by  CI,  forming 

C6H4  I  qqqj11,  sulpliobenzoyl  chloride,  and  CGH4  j  qqqp  sulphobenzoyl 

dichloride.    With  ammonia,  these  compounds  exchange  their  CI  for  NH, 


sulphobenz  amide. 

Benzoic  acid  and  benzaldehyde  have  been  shown  to  be  de- 
rivatives of  benzyl  alcohol,  which  is  a  true  alcohol,  and  has 
also  the  characteristic  properties  of  an  alcohol  of  the  fatty 
series.  We  shall  take  up  next  the  consideration  of  some  of 
its  derivatives.  As  we  have  already  seen  (p.  233),  benzyl  chlo- 
ride is  formed  by  leading  gaseous  chlorhydric  acid  through 
benzyl  alcohol,  in  the  same  manner  that  ethyl  chloride  is 
formed  from  ethyl  alcohol  : 


As  benzyl  chloride  behaves  as  a  fatty  compound,  its  chlo- 
rine is  easily  replaceable. 

On  boiling  benzyl  chloride  with  water,  benzyl  alcohol  is 
regenerated : 


yielding  C„H4 


Iphobenzamic  acid,  and  Cr,H4 


C6H5CH3OH  +  HC1  =  C2H50H2C1  +  H20. 


C6H5CH2C1  +  HOH  =  C6H5CH2OH  +  HC1. 
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By  digestion  with  alcoholic  ammonia,  benzyl  chloride  is 
converted  into  the  hydrochlorides  of  benzylamine : 

C6H5-CH2NH2, 
dibenzylamine,  (C6H5~NH2)2NH,  and  tribenzylamine  : 
(06H5-CH2)3N. 

Benzylamine,  C6H5~CH2~KB2,  is  a  liquid  boiling  at  133°, 
miscible  with  water,  and  possessing  strong  basic  properties. 

Dibenzylamine,  (G6H5"NH2)3NH,  is  a  liquid  insoluble  in 
water.  Tribenzylamine,  (CgH5~CH2)3N,  is  a  crystalline 
body  fusing  at  91°,  and  insoluble  in  water. 

With  phospburetted  hydrogen  (phosphine)  benzyl  chlo- 
ride forms  the  corresponding  phosphines,  benzylphosphine, 
C6H5"CH2"PH2,  dibenzylphosphine,  (C6H5~CH2  )2PH,  and 
tribenzylphosphine,  (C 6 H 5 ~CH2 ) 3 P. 

Chlorbenzyl  forms  with  potassium  cyanide,  benzyl  cyanide, 
C6H5~CH2C]Sr,  which  on  boiling  with  potassa  yields  an  acid 
homologous  with  benzoic  acid,  C6H5~CH2~COOH,  alphatol- 
uic  acid,  or  phenylacetic  acid : 

C6H5CH2CN  +  2H20  =  C6H5CH2COOH  +  NH3. 

By  boiling  chlorbenzyl  with  potassium  sulphydrate,  the 
sulphur  compound  corresponding  to  benzyl  alcohol  is  pro- 
duced.   It  is  the  mercaptan  of  the  benzyl  series,  and  is  called 

benzylsulphydrate : 

C6H5CH2C1  +  KHS  =  C6H5CH2SH  +  KC1. 

It  is  a  colorless  liquid  with  an  offensive  odor.  Its  properties  resemble 
those  of  ethylmercaptan.  The  benzyl  sulphide,  (C6H5-CH2)oS,  and  benzyl 
disnlphide,  (C6H5-CHo).2S2,  have  also  been  produced. 

There  is  a  body  derived  from  benzoic  acid,  wbich  occurs  in 
the  animal  organism  and  is  called  benzoylglycocoll,  or  hippuric 
acid,  C9H9N03  : 
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CHo"C00H 
Glycocoll        =  C2H5N02  =  ^ 

.  ^  TT  ™  CHrCOOH 

Hippunc  acid  =  C„Il<,NO,  =  i 

^  993  NH-CO"C6Hs 

Hippuric  acid  occurs  as  calcium  and  sodium  salts  in  the 
urine  of  the  herbivora,  and  owes  its  origin  to  benzoic  acid  ; 
for,  after  eating  substances  containing  benzoic  acid,  hippuric 
acid  is  always  found  in  the  urine.  In  fact,  the  whole  amount 
of  benzoic  acid  taken  into  the  system  is  thrown  off  in  the 
urine  as  hippuric  acid.  It  crystallizes  in  thick  needles, 
which  fuse  on  heating  and  decompose  by  further  heating.  It 
is  difficultly  soluble  in  water,  and  forms  soluble  salts.  It  is 
monobasic.  On  boiling  with  acids,  or  alkalis,  it  breaks  into 
glycocoll  and  benzoic  acid,  taking  up  the  elements  of  water  : 

PIT  "POOTT 

W-CO-C6Hs  +  H3°  =  CH3(NH*)C00H  +  O.H.COOH. 

It  can  be  made  artificially  by  the  action  of  benzoyl  chloride  on  silver- 
glycocoll  : 

„         ch2-cooh  cnrcoon 

CoH6COCl  4-1  =  I  4-  AgCl. 

NHAg  NH-COC6H5 

The  di-valent  rest,  NH,  is  replaced  by  0  by  the  action  of  nitrous  acid, 
forming 

CH2"COOH 

BenzoylglycolUc  acid,  i  _     _        ,  or  CaH804,  which  is  glycollic  acid 
0~CO  CoH5 

in  which  the  alcoholic  hydrogen  is  replaced  by  benzoyl. 
™  ,  x  •       •         CHa-COOCsHs       '  . 

Ethyl  hippuric  ester,  i  ,  and  its  derivative,  hippur -amide, 

NH  CO  CeH5 

CH.rCONH2 

i  ,  are  also  easily  produced. 

NH-CCTC6H5 

We  shall  pass  over  a  large  number  of  the  benzyl  derivatives,  as  they 
are  produced  in  an  exactly  analogous  manner  to  their  corresponding  de- 
rivatives in  the  ethyl  series. 
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There  are  nine  dihydroxyl  derivatives  of  toluene  possible 
according  to  the  theory,  six  having  the  constitution  : 


and  three  the  constitution,  C6H4(OH)CH2(OH).  The  first 
six  correspond  to  the  dihydroxyl  derivatives  of  benzene,  and 
resemble  quinol,  catechol,  etc.,  while  the  latter  three  possess 
both  alcoholic  and  phenol  characteristics. 

Only  a  few  of  these  possible  compounds  are  known.  Orcinol, 
or  orcin,  C,H802,  belongs  to  the  first  six.    Orcinol : 


is  a  decomposition-product  of  many  coloring  matters  derived 
from  lichens  (rocella  and  lecanor).  It  is  also  formed  by  heat- 
ing potassium  monochlortoluene-sulphonate  with  potassium 
hydroxide  : 


C6H3  \  S03K  +  2  KOH  =  C6H3  \  OH  +  KC1  +  K3S03. 


It  crystallizes  in  prisms  fusing  at  86°  and  boiling  at  290°. 
Ferric  chloride  colors  it  dark  violet.  On  exposure  to  the 
air,  it  takes  on  a  red  color  owing  to  partial  oxidation.  If 
ammonia  is  also  present,  a  red  coloring  matter  called  orcein 
is  formed,  which  is  a  weak  acid  and  dissolves  in  alkalis 
with  a  purple  color,  and  is  precipitated  again  as  a  red  powder 
by  acids. 

Orcein  is  the  principal  constituent  of  the  coloring  matter 
known  as  archil. 

If  sodium  carbonate  is  added  to  an  ammoniacal  solution  of 
orcein,  and  the  mixture  exposed  to  the  air,  a  bluish- violet 
liquid  is  obtained,  from  which  acids  precipitate  a  red  powder 
called  litmus. 


C6H3(CH3)(OH) 
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A  methyl  ether  of  orcinol  is  known,  CGH3  -|  OCH3,  oi 


CH 


C8H10O2,  beta-orcinol.  It  is  also  a  product  of  the  decom- 
position of  many  lichen  coloring  matters. 

We  know  also  another  ether  of  a  dihydroxyl -toluene,  viz., 
(  OH 

cresol,  C6H3  \  OCH3,  or  C8H10O„. 
(CH3 

Cresol  occurs  in  beech-wood  tar,  together  with  the  mono- 
methyl  ether  of  catechol,  guaiacol,  C6H4  j  qjj  3.  Both  beta- 
orcinol  and  cresol  are  oils  which  give  precipitates  with  most 
of  the  metallic  solutions. 

They  yield,  when  treated  with  potassium  chlorate  and 
chlorhydric  acid,  compounds  homologous  with  chloranil,  as : 

C71I3C1403  mid  C8H4C1402. 

There  are  two  compounds  met  with  in  commerce  under  the  name  of 
ereasote  which  are  essentially  different  : 

1)  Coal-tar  ereasote,  which  consists  principally  of  phenol  with  small 
amounts  of  cresol,  guaiacol,  catechol,  and  phlorol.  The  so-called  crystal- 
lized cresote  is  phenol. 

2)  Beech-tar  ereasote,  consisting  chiefly  of  cresol  and  guaiacol. 

Chlorinated  quinones  and  quinones  of  toluene  can  be  pro- 
duced in  the  same  manner  as  the  chlorinated  quinones  of 

benzene.   Trichlortoluenequinone,  C 6C13  j  q|j  ,  and  triclilor- 

toluquinol,  C6C13(CH3)  -j  qjj,  and  their  derivatives  have  been 
obtained. 

Only  one  member  of  the  second  class  of  dihydroxyl- deriv- 
atives of  toluene,  which  are  partly  phenols  and  partly  alco- 
hols, has  been  obtained,  viz.,  salicyl  alcohol,  or  saligenin, 

CcH4  |  g  CH„OH'  the  aldenyde>  C6H4  |  q^q,  and  the  acid, 
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r  OH 

C6H4  -j  qqqjjj  derived  from  it  are  also  known. 

The  methyl  ether  of  an  isomeric  salicyl  alcohol  is  also 
known,  viz.,  anisyl  alcohol,  C6H4  j  |        ^-g,  as  well  as  the 

(  OCH 

corresponding  aldehyde,  C6H4  j  CHO  '  anc*  ac^> 

p    TI        I  OCH, 

Uti±i*  I  COOH" 

The  three  acids  corresponding  to  the  three  alcohols  are  all 
known.  They  are  salicylic  acid,  C6H4  j  ^  qq"  jj,  hydroxy- 
benzoic  acid,  C6H4      cq^.  H'  an<^  pttrahydroxybenzoic  acid, 

ATT  jlOH 

^C±1*  (4C03H* 

Salicylous  Alcohol,  or  Saligenin,  C,H802,  is  produced  by 
the  action  of  a  ferment  on  salicin  : 

C13H1S07  +  H20  =  CcH1206  +  C7Hs02. 

Salicia  Sugar  Saligenin 

Saligenin  crystallizes  in  mother-of-pearl  tablets,  fusing  at 
82°.  It  is  difficultly  soluble  in  water,  is  colored  blue  by  ferric 
chloride,  and  by  oxidation  is  converted  into  salicylous  aldehyde 
and  salicylous  acid.  Dilute  acids  change  it  into  a  resin, 
sa  liret  in,  C ,  4  H 1 4  0  3 . 

Salicylic  Aldehyde,  or  Salicylous  Acid: 

C,H602,  C6H4(OH)CHO, 

occurs  in  the  Spirea  ulmaria.  It  is  formed  from  salicin  by 
the  action  of  oxidizing  agents,  and,  together  with  parahydr- 
oxybenzoic  acid,  by  the  action  of  chloroform  on  an  alkaline 
solution  of  phenol  : 

CHCI3  +  C6H5(OH)  4-  NaHO 

=  C6H4(ONa)CHO  +  3  NaCl  +  3  H20. 
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By  the  action  of  sodium  hydroxide  on  chloroform,  formic  acid  is 
formed : 

CHCI3  +  3  NaHO  =  CIIOOH  +  11,0, 

Which  in  the  nascent  state  unites  with  phenol,  water  being  eliminated  : 

C«H6(OH)  +  CIIOOH  =  CcH,(OH)-CHO  +  H„0. 

This  reaction  corresponds  exactly  to  the  action  of  carbonic  acid  on 
sodium  phenoxide  (see  under  salicylic  acid),  except  that  in  the  one  case 
the  aldehyde,  in  the  other  the  acid,  is  formed. 

It  is  a  liquid  with  the  odor  of  bitter  almonds,  boiling  at 
196°.  It  is  slightly  soluble  in  water,  easily  in  alcohol.  It 
possesses  weak  acid  properties,  and,  since  it  is  an  aldehyde, 
unites  with  acid  sulphites.  Ferric  chloride  colors  it  violet-red. 
Chlorine,  bromine,  and  nitric  acid  convert  it  into  substitu- 
tion-products.   Salicylous  acid  is  isomeric  witli  benzoic  acid. 

Salicylic  Acid,  C,H603,  CcH4(0H)C00H.  The  methyl 
ester  of  salicylic  acid  forms  the  chief  constituent  of  winter- 
green  oil  (Gaultheria  procumbens).  Salicylic  acid  is  formed  by 
fusing  salicin,  or  curmarin,  with  potassium  hydroxide.  It 
crystallizes  in  prisms  fusing  at  156°,  and  is  difficultly  soluble 
in  cold  water,  easily  in  hot.  It  is  properly  a  monobasic  acid, 
but  as  it  is  also  a  phenol  it  unites  with  two  molecules  of  strong 
bases,  such  as  the  alkalis  and  alkaline  earths.  Ferric  chlo- 
ride produces  a  violet  color  with  its  salts.  On  distillation  with 
lime,  it  breaks  into  phenol  and  carbonic  acid  : 

C6H4(OH)C02H  =  C6H5(OH)  +  C08. 

It  can  be  produced  synthetically  by  adding  small  pieces  of 
sodium  to  hot  phenol  and  passing  carbonic  acid  through  the 
mixture.    In  this  way,  sodium  salicylate  is  obtained  : 

C6H5OH  +  2  Na  +  C02  =  C6H4(ONa)C02Na  +  2  H. 
Sodium  salicylate  is  also  formed  when  sodium  phenox- 
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ide,  which  is  formed  from  phenol  and  sodium  hydroxide,  is 
heated  to  180°,  and  exposed  to  a  stream  of  carbonic  acid.  In 
this  reaction,  half  of  the  phenol  is  regenerated  : 

2C6H5ONa  +  CO,  =  C6H4(ON"a)C08Na  +  C6H5OH. 

This  method  is  used  to  produce  salicylic  acid  commercially. 
Salicylic  acid  has  no  odor.  Its  taste  is  powerfully  astringent. 
It  has  marked  antiseptic  properties,  and  is  largely  used  in  the 
arts  as  an  antiseptic  for  preserving  fruits,  wines,  etc.,  and  in 
medicine  also  as  an  antiseptic,  and  in  the  treatment  of  many 
diseases  (diphtheria,  rheumatism,  etc.). 

It  yields  substitution  products  with  chlorine,  bromide,  iodine,  and 

nitric  acid.    Its  anhydride,  CeH4  j  qq^X  has  also  been  produced. 

Nitrosalicylic  Acid,  C6H3(N0.2)OH  .  COOH,  which  is  obtained  by  acting 
on  salicin  with  nitric  acid,  yields  on  reduction  amidosalicylic  acid, 
C6H3(NH2)OH  .  COOH.    It  possesses  acid  properties. 

By  the  action  of  ammonia  on  wintergreen-oil,  salicylamide, 
C0H4(OH)CO(NH,),  is  obtained: 

aH<  1000011,  +  NHa  =  CeH4  |cONH2  +CH<°- 

Salicylamide  crystallizes  in  leaflets  fusing  at  132°,  and  boiling  at  290° 
with  decomposition,  a  molecule  of  water  being  eliminated,  forming  sali- 
cylimide  : 

( OH  /NH 
CeH4  jcONH2  =  CeH4\C0  +H2°' 

Which  is  insoluble  in  water,  alcohol,  and  ether. 

Hydroxbenzoic  Acid,  Oxybenzoic  Acid,  C8H4  j  g      jj,  or  C7H603. 

As  we  have  already  seen,  nitrous  acid  converts  amidobenzoic  acid  into 
diazobenzoic  acid  nitrate,  which  decomposes  with  water  into  hydroxybenzoic 
acid.  Metahydroxybenzoic  acid  is  also  formed  by  fusing  metasulphobenzoic 
acid  with  potassium  hydroxide. 

Hydroxybenzoic  acid  forms  small,  colorless,  indistinct 
crystals  fusing  at  200°,  and  slightly  soluble  in  water.    It  is  a 
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monobasic  acid,  and  yields  easily  substitution  products.  Its 
salts  are  not  colored  by  ferric  chloride. 


formed,  besides  salicylaldehyde,  by  the  action  of  chloroform  on  phenol.  It 
is  separated  from  the  latter  by  distilling  the  acidified  liquid  with  water, 
the  salicylic  aldehyde  distilling  over  with  the  steam,  while  the  parahy- 
droxybenzaldehyde  remains  behind,  and  on  cooling  crystallizes  from  the 
liquid.  It  forms  needles  fusing  at  115-116°.  It  is  difficultly  soluble  in 
water,  and  its  aqueous  solution  is  colored  a  dirty  violet  by  ferric  chloride. 

Parahydroxybenzoic  Acid,  Paroxybenzoic  Acid, 


Is  formed  in  the  same  manner  from  amidodracylic  acid,  as 
hydroxybenzoic  acid  from  amidobenzoic  acid.  It  is  also 
obtained  by  passing  carbonic  acid  over  potassium  phenoxidc. 
Heated  to  200°-210°,  in  the  same  manner  as  salicylic  acid,  it 
crystallizes  in  colorless  prisms  fusing  at  210°.  Its  reactions 
are  analogous  to  those  of  its  isomeric  acids. 

Anisyl  Alcohol,  C6H4  -j  ^  jjj^  g-^,  is  the  methyl  ether  of 

the  alcohol  derived  from  parahydroxybenzoic  acid.  It  is 
made  from  anisyl  aldehyde,  and  forms  colorless  needles  fusing 
at  25°  and  boiling  at  258°. 

(  OCH 

Anisyl  Aldehyde,  C6H4  -j  qjjq3>  is  obtained  from  anise-oil 

or  fennel-oil  by  heating  with  dilute  nitric  acid.  It  is  a  color- 
less liquid  boiling  at  248°,  with  a  spicy  odor.  It  forms  crys- 
talline compounds  with  acid  alkali  sulphites,  and  is  oxidized 
by  the  oxygen  of  the  air  into  anisic  acid. 

(  OCH 

Anisic  Acid,  C6H4  -j  qq  j|,  is  made  from  anise-oil,  or  di- 
rectly from  anisyl  aldehyde.    It  is  also  obtained  artifically  by 


Parahydroxybenzaldehyde,    Paroxybenzaldehyde,  C6H4 


1  OH 
4CHO' 


is 
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methylating  parahydroxybenzoic  acid.  Colorless  needles  fus- 
ing at  185°.    It  is  a  monobasic  acid. 

The  curboxyl  derivatives  are  the  only  other  hydroxyl  deriva- 
tives of  toluene  which  are  known. 

1)  The  principal  representatives  of  the  six  theoretically 

possible  acids,  C6H3  j  qq1}},    arc    hydroxy  salicylic  acid 

(1.2.  5),  parahydroxysalieydc  acid,  and  protocatechuic  acid 
(1.3.  4). 

Hydroxysalicylic  and  parahydroxysalicylic  acids  are  formed 
from  the  corresponding  amides  of  salicylic  acid,  by  conversion 
into  the  diazo-compounds,  and  then  into  the  hydroxyl-com- 
pounds.  Protocatechuic  acid  is  a  decomposition-product  of 
many  tannic  acids  (catechin,  etc.).  It  crystallizes  in  color- 
less needles  containing  a  molecule  of  water,  which  fuse  at  199° 
and  then  break  into  carbonic  acid  and  catechol. 

The  dimethyl  ether  of  protocatechuic  acid,  C6H3  j  qqqji^2' 

is  known  as  veratric  acid,  and  exists  in  sabadilla-seeds.  It 
forms  needles  fusing  at  180°. 

The  methyl  ether  of  the  aldehyde  of  protocatechuic  acid, 
(  OCH3 

'  C6H,  •<  OH    ,  is  intimately  related  to  protocatechuic  acid. 
(CHO 

It  occurs  in  the  vanilla  bean  and  is  called  vanillin.  Vanillin 
is  formed  by  the  oxidation  of  a  substance,  Ct  0Hj  303-,  obtained 
from  coniferin  (see  later).  It  crystallizes  in  needles,  fusing 
at  80°,  and  possesses  an  intense  odor  of  vanilla. 

The  decomposition-product,  doH^On,  which  is  obtained  directly  from 

(OCH3 

coniferin,  has  probably  the  constitution,  CfiH3  -s  OH  ,  and 

( CH=CH_CH2OH 

would  hence  stand  in  intimate  relation  to  cinnamic  alcohol  (see  later). 
Hydroxysalicylic  Acid  is  formed  by  the  action  of  fusing  potassium  hydrox- 
ide on  a  substance,  CuH,0O&,  yentisin,  which  occurs  in  the  gentian 
root. 
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These  acids  are  decomposed  by  distillation  as  follows  : 
Hydroxysalicylic  acid  into  carbonic  acid  and  quinol. 
Protocatechuic  acid  into  carbonic  acid  and  catechol. 
Parahydroxysalicylic  acid  into  carbonic  acid  and  resorcinoi. 
2)  The  last  hydroxyl  derivative  of  toluene  is  Gallic  Acid, 

C6H2  |  [SPlf,  or  C7H605.    Gallic  acid  is  formed  from  tannic 


acid,  or  digallic  acid. 

It  crystallizes,  with  one  molecule  of  water,  in  fine  glittering 
needles,  which  lose  their  water  of  crystallization  at  100°,  and 
fuse  at  200°.  It  possesses  a  weak  acid  and  astringent  taste. 
With  ferric  salts  it  gives  a  blackish-blue  color,  and  does  not 
precipitate  glue-solutions.  It  is  difficultly  soluble  in  cold 
water,  easily  in  hot.  It  is  properly  a  monobasic  acid,  but  all 
four  of  its  hydroxyl-hydrogen  atoms  can  be  replaced  by  metals. 
On  heating,  it  is  decomposed  into  carbonic  and  pyrogallic 
acids  : 


The  salts  of  gallic  acid  absorb  oxygen  from  the  air,  passing  into  a 
higher  state  of  oxidation.  They  precipitate  gold  and  silver  at  once  from 
solutions  of  their  salts,  and  are  hence  used  in  photography. 

Digallic  Acid,  Tannic  Acid,  Tannin,  O14H10O9,  is  an  ester 


of  gallic  acid,  C6H2(OH)3"CO-0-C6H2(OH)2"C03H.  It 


exists  in  nut-galls,  sumach,  and  many  other  plants.  It  can 
be  produced  from  gallic  acid  by  heating  with  phosphorus 
oxychloride,  or  with  a  solution  of  arsenic  acid.  It  is  usually 
obtained  from  nut-galls  by  extraction  with  ether  containing 


It  forms  an  amorphous  mass  easily  soluble  in  water,  with 
an  astringent  taste.  Ferric  salts  produce  in  it  a  deep  blue- 
black  precipitate.  It  is  preciptated  from  its  solution  by  glue 
solution,  tartar  emetic,  and  particularly  by  animal  skin,  which 
is  thereby  converted  into  leather  (tanning). 


0«H«{&ofk=  C6H3(OH)3  +  CO 


alcohol. 
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The  tannic  acids  which  occur  in  oak-bark,  quinine  barks, 
catechu,  fern-root,  torentill-root,  fustic,  coffee-beans,  etc.,  are 
similar,  but  have  not  yet  been  thoroughly  examined. 

Amido-derivatives  of  toluene.  One  amido-derivative  of 
toluene,  viz.,  henzylamine,  C6H5"CH2(NH2),  has  already 
been  mentioned.  In  this  compound,  the  amido-group  is  in 
the  side-chain.  If,  however,  the  amido-group  substitutes  the 
hydrogen  of  the  benzene  nucleus,  an  amido-derivative  will  be 
obtained  which  exists  in  three  isomeric  modifications.  These 
amido-toluenes  are  called  toluidines,  and  are  obtained  accord- 
ing to  the  usual  method,  by  reducing  the  corresponding  nitro- 
toluenes. 

The  two  liquid  nitrotoluenes  yield  on  reduction  two  liquid 
toluidines,  C6H4  |  2  CH  2'  {Pseu^°toluidine)  and 

rTT   (1  NHo 

Both  of  them  boil  at  198°,  give  a  violet  color  with  chloride  of 
lime  solution,  and  resemble  aniline  in  their  general  behavior. 
The  third  nitrotoluene,  which  is  solid  at  ordinary  tempera- 
tures, yields  a  crystalline  toluidine,  ^6H4  j^^g  3,  which 

fuses  at  45°  and  boils  at  198°. 

All  three  of  these  toluidines,  like  aniline,  yield  a  great  num- 
ber of  derivatives.  The  derivatives  form  three  isomeric  series, 
and  differ  from  the  corresponding  aniline  derivatives  by  the 
plus  increment  of  CH3.    We  shall  not  consider  them  further. 


Following  toluidine,  we  shall  take  up  a  number  of  compli- 
cated compounds  which  play  an  important  part  as  coloring 
matters  in  the  arts,  and  which  are  formed  by  heating  mix- 
tures of  aniline  and  toluidine  (high -boiling  anilines)  with 
weak  oxidizing  agents.   They  are  known  as  the  aniline  colors. 
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The  simplest  of  these  colors,  and  the  one  from  which  the 
most  of  the  others  are  derived,  is  fuchsine.  It  is  made  by 
heating  the  so-called '  commercial  aniline  with  arsenic  acid, 
nitrobenzene,  etc. 

Fuchsine  is  usually  the  hydrochloride  or  acetate  of  the  base, 
O80Hj  9N3,  rosaniline,  which  does  not  exist  in  the  free  state, 
and  has  the  composition,  C20H19N3.HC1.  It  crystallizes 
in  rhombic  tablets  of  a  superb,  glittering  green  color,  is 
slightly  soluble  in  water,  and  easily  in  alcohol,  with  an  intense 
red  color.  It  dyes  silk  and  wool  red.  On  the  addition  of 
chlorhydric  acid  to  a  solution  of  rosaniline,  the  red  color  dis- 
appears, and  by  the  addition  of  hot  concentrated  chlorhydric 
acid,  the  tr (hydrochloride,  C80H19Ng  .  3  HC1,  separates  in 
yellowish-brown  needles,  which  by  heating,  or  with  water,  are 
converted  into  fuchsine. 

If  ammonia  is  added  to  a  solution  of  fuchsine,  particularly 
the  acetate,  a  precipitate  is  obtained  which,  when  pure,  is 
perfectly  colorless.  As  it  is  converted  back  into  fuchsine  with 
extreme  ease  by  acids,  and  even  by  the  carbonic  acid  of  the 
air,  it  has  been  considered  as  the  free  base  of  fuchsine,  and  is 
called  rosaniline.    It  has  the  composition  : 


Fuchsine  is  converted  by  nascent  hydrogen  (e.g.,  zinc  and 
chlorhydric  acid)  into  a  compound  containing  two  atoms  of 
hydrogen  more  than  fuchsine.  This  body  has  the  compo- 
sition, C30H21E"3,  and  is  called  leucaniline.  Both  the  base 
and  its  salts  are  colorless. 

Leucaniline,  C2oH21N3,  is  derived  from  a  hydrocarbon,  C20Hie,  which 
has  the  constitution  : 


DiphenyUolylmethane,  of  which  it  is  the  triamido  derivative  : 


C20H21N3O  =  C20H19N3  +H20. 


ROSANILINE. 


259 


Rosaniline  hydrate,  C2oH2,N30,  however,  is  the  hydroxyl  derivative  of 
leucaniline,  and  has  the  constitution  : 


The  compound,  C^H^Ns,  the  salts  of  which  constitute  fuchsine,  is  a 
peculiar  condensation-product  of  rosaniline,  formed  by  the  elimination  of 
water  : 


The  salts  of  leucaniline  yield  fuchsine  again  by  oxidation. 

It  is  easy  to  see  that  compounds  similar  to  fuchsine  will  be  formed 
when  instead  of  toluidine  higher  methylated  anilines  are  heated  with 
weak  oxidizing  agents. 

The  atoms  of  hydrogen  which  are  in  combination  with  the 
nitrogen  can  easily  be  replaced  by  hydrocarbon  rests.  By 
heating  rosaniline  with  methyl  iodide,  or  chloride,  methyl 
violet  is  obtained.  It  can  also  be  produced  by  heating  di- 
methylaniline  with  cupric  nitrate  and  salt.  It  has  the  com- 
position, C20H14(CH3)5N3  .  HC1.  The  ethyl  violet  corre- 
sponds with  it  in  every  way.  On  heating  rosaniline  with 
aniline  at  180°,  a  blue  coloring  matter,  aniline  blue,  is  ob- 
tained, which  is  a  triphenylrosaniline  : 


Methyl  violet  in  the  dry  state  is  golden  yellow.  Aniline 
blue  is  a  bluish-brown  powder  with  a  coppery  luster. 
Iodine  green  has  the  composition  : 


and  crystallizes  in  prisms  with  a  superb  cantharides-green 
metallic  luster.  It  is  formed  by  heating  rosaniline  acetate 
with  methyl  chloride  and  methyl  alcohol. 

Besides  fuchsine,  there  is  formed  by  the  action  of  arsenic 
acid,  etc.,  on  aniline  containing  toluidine,  the  salt  of  another 


C^oHie^eHg^Ng  .  HC1. 


C20H14(CH3)5N3.CH3Cl  +  HsO, 
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base,  which  on  account  of  its  yellow  color  is  called  chrysani- 
line,  C20H17N3. 

Orysaniline  unites  with  one  and  two  molecules  of  acids  to 
form  salts. 

We  have,  then  : 


And  from  rosaniline  : 
Pentamethylrosaniline,  C20H14(CH3)5N'3  )  yielding  aniline 


Triphenylrosaniline,      C20H1 6(C6H5)3N3  j  yie^ 


Under  the  name  of  mauve,  a  violet  dye  is  met  with  in 
the  arts,  which  is  the  hydrochloride  of  mauve'ine,  CS7H24N4. 
Mauve'ine  is  formed  by  the  action  of  strong  oxidizing  agents, 
e.g.,  potassium  chromate,  on  aniline  containing  toluidine.  Its 
constitution  is  not  known. 

If  a  solution  of  aniline  in  chlorhydric  acid  is  treated  with 
cupric  chloride  and  potassium  chlorate,  a  green  precipitate  is 
formed  which  becomes  still  more  highly  oxidized  by  the  air, 
forming  a  black.  It  is  called  aniline-black.  Its  composition 
is  not  known. 

Rosolic  Acid,  C20H16O3,  stands  in  intimate  relation  with 
rosaniline.    Its  constitution  is  either  : 


Chrysaniline,  C^II^Ng 
Eosaniline,  C20H19N3 
Leucaniline,  C20H21N3 


C6H3(CH3)(OH) 
C6H4(OH)_  


or 


C6H4(OHK  c  /' 
C6H4(OH)/  \< 


CGH3  CH3 
6 


It  is  formed  by  heating  phenol  with  oxalic  acid  and  sul- 
phuric acid  at  150n.    It  forms  glittering  red  prisms  with  a 
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blue  or  green  reflex.  It  fuses  with  decomposition  over  220°. 
Reducing  agents  convert  it  into  leucorosolic  acid,  C80H18O3, 
which  crystallizes  from  glacial  acetic  acid  in  thick,  colorless 
prisms. 

Leucorosolic  acid  is  the  trihydroxyl-devivative  of  diphenyltolyme- 
thane,  and  rosolic  acid  is  the  oxidation  product  of  it. 


Only  the  more  important  of  the  benzene  derivatives  which 
contain  more  hydrocarbon  rests  than  one  methyl,  will  be  con- 
sidered. When  two  H's  of  benzene  are  substituted  by  methyl- 
groups,  three  isomeric  dimethylbenzenes  are  obtained  : 


The  dimethylbenzenes  can  be  produced  artificially.  They  occur,  to- 
gether with  benzene  and  toluene,  in  coal-tar,  and  are  called  xylenes. 
Ethylbenzene  can  only  be  obtained  artificially.  Dimethylbenzenes  are 
formed  from  the  corresponding  chlor-  or  bromtoluenes  by  the  action  of 
methyl  iodide  and  sodium ;  ethylbenzene  from  chlorbenzene,  ethyl  iodide 
and  sodium.    The  xylenes  boil  at  about  14(T,  ethyl  benzene  at  134°. 

They  resemble  benzene  and  toluene  in  their  properties.  Chlor-,  brom-, 
and  iodo-derivatives  of  them  are  known. 

The  phenols  of  xylene  and  ethylbenzene  are  partly  known.  They  pos- 
sess the  characteristic  properties  of  phenols,  and  arc  so  little  different 
from  ordinary  phenol,  that  they  may  be  omitted.    For  similar  reasons 

the  alcohol  derived  from  dimethylbenzene,  CCH4  -j  qjj3qH'  t°tyl  alcohol, 
will  not  be  further  considered. 

The  acids  derived  from  xylene  and  ethylbenzene,  however, 
possess  a  greater  interest : 


Xylene. 
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If  a  dimethylbenzene  is  treated  with  oxidizing  agents,  the 
methyl  is  oxidized  into  carboxyl,  and  there  is  produced,  ac- 
cording to  the  energy  of  the  oxidation  : 


By  oxidation  of  ethylbenzene,  however,  the  carbon  atom 
which  is  united  to  the  benzene-nucleus  is  oxidized  so  that 
carbonic  acid  and  benzoic  acids  are  obtained  : 


C6H5_CH2-CH3  +  3  02  =  C6H5COOH  +  C02  +  2  H80. 


There  is,  however,  an  acid  known  which  is  isomeric  with  the 
three  toluic  acids,  and  which  is  a  derivative  of  ethylbenzene, 
viz.,  phenylacetic  acid,  or  alphatoluic  acid : 


There  are  hence  three  toluic  acids  and  three  phthalic 
acids,  and,  in  addition,  the  alphatoluic  acid.  Orthotoluic  acid, 
C8Hg02,  forms  long  fine  needles  fusing  at  102°,  metatoluic 
acid,  needles  fusing  at  109°,  and  paratoluic  acid,  colorless 
needles  fusing  at  178°. 

Alphatoluic  Acid 'is  obtained  by  boiling  benzyl  cyanide  with 
potassa,  and  forms  leaflets  resembling  benzoic  acid,  which 
fuse  at  76.5°  and  boil  without  decomposition  at  261-262°. 

By  oxidation  with  potassium  chromate  and  sulphuric  acid, 
the  three  toluic  acids  are  converted  into  the  three  correspond- 
ing phthalic  acids,  while  the  alphatoluic  acid  is  transformed 
into  benzoic  acid. 

Phenylgly collie,  or  Mandelic  Acid,  C6H5"CH(OH)~COOH, 
is  a  derivative  of  alphatoluic  acid,  or  phenylacetic  acid,  and 
stands  in  the  same  relation  to  phenylacetic  acid,  as  glycollic 
acid  to  acetic  acid  : 


Toluic  acid, 


or 


Phthalic  acid. 


C6H5"CH2_COOH. 


PHTHALIC  ACID. 
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C,H6"CHrCOOH  C6H5-CH(OH)_COOH 

Benzoic  acid  Phcnylgljcollic  acid 

H_CH2-COOH  H-CH(OH)-COOH. 

Acetic  acid  Glycollic  acid 

Mandelic  acid  is  formed  by  boiling  a  mixture  of  benzalde- 
hyde  and  cyanbydric  acid  with  chlorbydric  acid  : 

C6H5-CHO  +  cmi  +  2  H30  =  C0H5-CH(OH)-COOH 
+  NH3, 

the  reaction  being  analogous  to  the  formation  of  lactic  acid 
from  acetaldehyde.  It  crystallizes  in  tablets  or  prisms  fusing 
at  115°. 

It  is  converted  into  phenylglyoxylic  acid  by  oxidation  with  dilute 
nitric  acid.  On  further  oxidation  it  passes  into  benzaldehyde  and  car- 
bonic acid,  and  finally  into  benzoic  acid.  Iodchydric  acid  reduces  it  to 
alphatoluic  acid. 

Phenylglyoxylic  acid,  CcH5-CO"COOH,  can  also  be  obtained  by  the 
decomposition  of  benzoyl  cyanide.    It  forms  crystals  fusing  at  66°. 

When  the  toluic  acids  are  treated  with  oxidizing  agents,  the 
second  methyl  group  is,  as  we  have  seen,  also  oxidized  to  car- 

<COOH 
COOH' 

These  dicarboxylic  acids  of  benzene  are  called phthalic  acids. 
They  are  dibasic,  and  exist  in  three  isomeric  modifications. 

1)  Phthalic  Acid,  C6H4  j  *  qqqr,  orC8H604.  This  acid 

is  best  obtained  by  the  oxidation  with  nitric  acid  of  a  hydro- 
carbon, naphthalene,  C10H8,  which  we  shall  meet  later  on. 
It  crystallizes  in  glittering  leaflets  which  are  quite  easily  solu- 
ble in  hot  water.    It  is  a  dibasic  acid.    It  fuses  at  173°,  de- 

/CO\ 

composing  into  water  and  phthalic  anhydride,  C6H4<f  qq/O' 

Numerous  chlorine  and  nitro-substitutions  of  it  are  known. 
Phthalic  anhydride  forms  long,  glittering  needles  fusing  at 
127°  and  boiling  at  277°. 
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(  1  r'OOTT 

2)  IsopMlialic  Acid,  C6H4  j  ^  COOH'  ^s  usualty  ma<*e  by 


the  oxidation  of  the  xylene  contained  in  coal-tar.  It  crystal- 
lizes in  fine  needles  fusing  over  300°,  and  is  difficultly  soluble 
in  hot  water. 

( 1 COOH 

3)  Terephtlialic  Acid,  C6H4  <  ^  COOH'  ^s  obtained,  besides 

isophthalic  acid,  by  the  oxidation  of  the  xylene  from  coal-tar. 
It  is  an  amorphous  powder  which  sublimes  at  a  high  tem- 
perature without  fusing. 

All  three  of  the  phthalic  acids  yield  benzene  by  distillation 
with  lime  : 

C6H4(COOH)2  =  C6H6+2C02. 

Of  the  numerous  other  derivatives  of  the  hydrocarbon, 
C8H10,  we  shall  only  mention  the  amido-compounds.  The 
mixture  of  dimethylbenzenes  and  xylenes,  which  are  contained 
in  coal-tar  are  converted  by  the  action  of  nitric  acid  into  nitro- 
xylenes,  and  these  by  reduction  into  amidoxylenes.  These 
amidoxylenes,  form  a  mixture  of  extremely  similar  bodies 
which  have  not  yet  been  separated,  and  hence  bear  the  com- 
mon name  of  xylidine.  Xylidine  is  an  oily  liquid  boiling  at 
216°,  and  resembling  aniline  very  much.  With  reagents,  it 
yields  derivatives  analogous  to  those  of  aniline.  Like  aniline, 
xylidine  possesses  basic  properties. 

By  treating  phthalic  anhydride  with  phenol  and  concentrated  sul- 
phuric acid,  phenolpMhaleln  is  formed  : 

C20H14O4  =  CeH^(OH)^  C  <^qH4^CO- 

It  is  a  yellowish-white  powder  which  is  soluble  in  alkalis  with  a  red  color. 
On  boiling  its  alkaline  solution  with  zinc  dust,  it  takes  up  two  atoms  of 
hydrogen,  yielding  phenolphthctlin  : 

Pnn  _  CoH^OHK  r/CBH4-COOH, 
02oH16u4  -  c6H4(OH)/^\H 


FLUOKESCEIN. 
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which  crystallizes  in  small  needles,  and  is  easily  oxidized  into  phenol- 
phthalein.  It  is  soluble  in  concentrated  sulphuric  acid,  with  a  reddish 
yellow  color.    From  this  solution,  water  precipitates  phenolphthalidin, 

C6H4(OH)^7C 


CBH3(OH)— C(OH) /CeH<' 

as  a  yellowish-green  precipitate.  Phthalidin  is  converted  by  oxidizing 
agents  into  phenolphlhalideln,  C20Hi4O4,  which  is  isomeric  with  the 
phthalein. 

The  various  hydroxyl  derivatives  of  benzene,  as  catechol,  resorcinol, 
quinol,  orcinol,  pyrogallol,  etc.,  behave  like  phenol. 
The  following  compounds  are  of  importance  : 
Resorcinol-phthaleln-anhydride,  fluorescein : 

n  TT  o  —  C6H3(OH)2\  p  /C6H4\pn 
U„H12U5  -  c6H3(OH)2/C\0  /°0' 

which  is  formed  by  heating  phthalic  anhydride  with  resorcinol  at  200°. 
It  is  a  yellowish-red  powder  which  is  easily  soluble  in  alkalis  and  alka- 
line carbonates,  and  in  dilute  solution  possesses  a  beautiful  yellowish- 
green  fluorescence.  Bromine  converts  it  into  tetrabromfluoresce'in ,  eosin, 
CiioHsB^Oo,  which  crystallizes  from  alcohol  in  flesh-colored  crystals.  It 
is  quite  a  strong  dibasic  acid  and  yields  beautifully  crystallizable  salts. 
Its  alcoholic  solution,  on  the  smallest  addition  of  an  alkali,  assumes  a 
beautiful  yellowish -green  fluorescence.  The  potassium  salt,  C20H6Br405K2, 
crystallizes  with  varying  amounts  of  water,  and  is  a  valuable  dye. 

On  evaporating  fluorescein  with  an  excess  of  sodium  hydroxide  solu- 
tion, one  molecule  of  resorcinol  splits  out,  and  mono-resorcinol-phthaleln, 
Ci4Hi0O5,  is  produced.  On  treating  eosin  in  the  same  manner,  dibrom- 
resorcinolphthaleln : 

P  TT  /CO-C6HBr,(OH)2 
Cs±lj\COOH 

is  obtained. 

On  heating  pyrogallol  with  phthalic  anhydride  at  200°,  galleln, 
C2oHi408 : 


p/CfiH2(OH)2\  p  /C6H4\  nr. 
0<\C6H2(OH)2/  0  \0_/0U' 


is  formed.  It  is  a  brownish-red  powder  which  dissolves  in  potassium  and 
sodium  hydroxide  solutions  with  a  blue  color,  and  in  ammonia  with  a 
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violet  color.  It  loses  the  elements  of  water  at  180°,  and  is  converted  into 
gallein  anhydride,  C2oH1207.  Nascent  hydrogen  converts  it  into  gallin, 
C20H1 8O7. 

We  see  from  the  above,  that  phthalein  is  a  derivative  of  triphenyl- 
methane  : 


and  stands  in  intimate  relation  to  rosolic  acid,  and  hence  also  to  rosani- 
line. 


The  derivatives  of  benzene  which  contain  nine  carbon 
atoms  are  represented  by  three  trimethylbenzenes  : 


three  methylethylbenzenes,  C6H4(CH3)(C2H5),  and  two  pro- 
pylbenzenes,  C6H5~C3H,.  All  of  them  have  the  general 
formula,  C9H12. 

A  mixture  of  two  trimethylbenzenes  v  occurs  in  coal-tar. 
One  is  pseudocumene,  (1.3.  4).  The  other,  which  can  also 
be  obtained  by  treating  acetone  with  dehydrating  agents,  is 
called  mesitylene : 


This  peculiar  condensation  of  acetone  takes  place  in  the  following 
manner.  The  oxygen  of  each  molecule  of  acetone  unites  with  two  hydro- 
gen atoms  of  another  molecule,  forming  a  double  binding  between  each 
of  the  molecules.  The  trimethylbenzene  thus  produced  contains  the 
methyls  in  the  1.3.5  position. 

These  hydrocarbons  are  distinguished  chiefly  by  the  differ- 
ences in  the  properties  of  their  nitro-compounds.  Two  of 
the  methylethylbenzenes  are  known.  They  are  made  by  ethyl- 
ating  toluene. 


Cumene. 


C6H3(CH3) 


3  CH3"CO"CH3  =  C6H3(CH3)3  +  3  H20. 
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Isopropylbenzene,  or  Cumene,  is  obtained  by  distilling  cumic 
acid  with  lime,  and  also  from  brombenzene  and  propyl  bro- 
mide. 

According  to  the  energy  of  the  oxidation,  the  trimethylbenzenes  yield 
three  oxidation-products  : 

/CR3  /CH3  /COOH 

C6H3^-CH3     ,         CcHa^COOH  ,         C6H3^COOH . 
\COOH  \COOH  \COOH 

Methylethylbenzene,  however, 

°6±l4\COOH'  °6±±4\COOH'  °6H4\COOH ' 

as  the  ethyl  group  is  oxidized  into  carboxyl.  Propylbenzene  yields  only 
benzoic  acid. 

The  three  trimethylbenzenes  boil  between  163-165°;  metliyl- 
etliylbenzenes  from  159-162° ;  propylbenzene  at  157°,  and  cu- 
mene at  151°. 

The  pseudocumene,  which  occurs  in  coal-tar,  yields  the  following  pro- 
ducts on  oxidation. 

(1  CH3 

Xylic  acid,  C6H3  <S  CH3    ,  or  C3Hi0O2,  which  crystallizes  in  prisms 
( 4  COOH 

fusing  at  126°. 

( 1 COOH 

Paraxylic  acid,  CCH3  ^3  CH3    ,  or  C9Hi0O2,  crystallizing  in  prisms 
(4CH3 

fusing  at  163°. 

t 1 COOH 

Xylidic  acid,  C6H3  <S  CH3    ,  or  C9H804,  amorphous  and  fusing  at 
(4  COOH 

282°. 

(1  CH3 

The  mesitylene,  C6H3  <  3  CH3 ,  which  is  obtained  from  acetone,  yields 
(5CH3 

on  oxidation  with  dilute  nitric  acid  : 
(1  CH3 

Mesitylenic  acid,  C6H3  ]  3  CH3    ,  or  CaH,„02,  crystallizing  in  needles 


15  COOH 

fushig  at  166°. 
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(1  CH3 

Uvitic  acid,  C6H3  ^3  COOH,  or  CH.O,,  needles  fusing  at  288°. 
( 5  COOH 
(1  COOH 

Trimesic  acid,  C6H3  13  COOH,  or  C9H606, which  crystallizes  in  prisms 
(5  COOH 

soluble  in  water,  fuses  at  above  300°  and  sublimes  without  decomposi- 
tion. 

The  two  other  tricarboxylic  acids,  C9H„06,  isomeric  with  trimesic 
acid,  are  also  known.  They  are  produced  from  mellitic  acid  (see  later), 
and  are  called  trimellitic  acid  (1.2.  4),  and  hemimellitic  acid  (1.2.  3). 

The  third  trimethylbenzene  has  not  yet  been  examined. 

There  remains  still  to  be  mentioned  an  acid  which  is  derived 
from  paramethylethylbenzene.  It  is  not  directly  obtainable 
from  it,  but  from  di-ethylbenzene.    It  is  etliylbenzoic  acid, 

and  its  formula  is,  C6H4  \  qqqjj-    It  crystallizes  in  small 

prisms  fusing  at  110°. 

From  isopropylbenzene  is  derived  hydro-atropic  acid  : 

c°H5~ch^co6h' 

which  is  formed  by  the  reduction  of  atropic  acid  (see  later).  It  is  a 
liquid  boiling  at  265°. 

Benzopropionic  acid,  or  hydrocinnamic  acid : 

C6H5-CH2-CH2-COOH, 

is  a  derivative  of  propylbenzene,  although  it  cannot  be  directly  produced 
from  it.  It  is  formed  by  the  action  of  nascent  hydrogen  on  einnamic 
acid,  and  crystallizes  in  leaflets  fusing  at  47°.  It  is  easily  soluble  in  hot 
water,  and  is  converted  by  oxidation  into  benzaldehyde  and  benzoic  acid. 
Both  of  these  acids  are  isomeric  with  xylic,  paraxylic,  mesitylenic,  and 
ethylbenzoie  acids. 

From  propylbenzene  there  is  also  a  group  of  compounds 
derived  which  occur  in  nature,  and  which  stand  in  the  same 
relation  to  propylbenzene  as  allyl  alcohol  to  its  aldehyde,  viz., 
cinnyl  alcohol,  einnamic  aldehyde,  and  einnamic  acid : 


CINNYL  ALCOHOL. 
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HCH2-CH2-CH3  C6H5-CH2-CH2-CH3 

Propane  Cumene 

HCH=CH-CH2(OH)  C6H^CH=CH-CII2(OH) 

Allyl  alcohol  Cinnyl  alcohol 

HCH=CH_CHO  C6H5_CH=CH-CHO 

Acrolein  Cinnamic  aldehyde 

HOH=CH_COOH  C6H5-CH=CH_COOH 

Acrylic  acid  Cinnamic  acid 

Liquid  storax-balsam  contains  a  body  which,  when  purified 
by  boiling  the  storax  with  sodium  carbonate  and  crystallizing 
from  a  mixture  of  alcohol  and  ether,  forms  odorless  and  taste- 
less needles,  fusing  at  44°.  It  is  called  styracin,  and  is  the 
cinnyl  ester  of  cinnamic  acid,  C9H90~C9H70.  On  boiling 
with  potassa,  styracin  is  decomposed  into  cinnyl  alcohol  and 
cinnamic  acid : 

C9H90"C9H,0  +  H20  =  C9H1 00  +  C9H802. 

Cinnyl  Alcohol,  C6H5-CH=CH-CH2(OH),  or  C9H10O,  is 
phenyl-allyl  alcohol;  it  is  obtained  by  boiling  styracin  with 
potassa,  and  distils  over  with  the  steam,  forming  a  colorless 
oil  swimming  on  water.  On  standing,  this  oil  solidifies  to 
long,  glittering  needles,  which  have  an  odor  of  hyacinths.  It 
fuses  at  33°  and  distils  unchanged  at  250°.  Cinnyl  alcohol  is 
but  slightly  soluble  in  water,  easily  in  alcohol  and  ether.  On 
heating  with  boric  anhydride,  it  is  converted  into  cinnyl  ether, 
C9H9~0~C9H9,  which  is  a  liquid  insoluble  in  water.  When 
cinnyl  alcohol  is  digested  with  gaseous  chlorhydric  acid,  cin- 
namic chloride,  or  styrylic  chloride,  C6HS  CH-CH  CH2C1 
=  C9H9C1,  is  formed.  It  is  an  oil  insoluble  in  water,  and 
converted  by  alcoholic  ammonia  into  cinnamine,  C9H9(NH2). 

Cinnyl  alcohol  is  converted  by  oxidation  into  cinnamic  alde- 
hyde. 

Cinnamic  Aldehyde,  C6H5"CH=CH"CHO,  or  C9H80,  is 
formed  by  the  oxidation  of  cinnyl  alcohol,  and  also  by  heating 
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a  mixture  of  benzaldehyde  and  aldehyde  with  chlorhydric 
acid  : 

C6H5-CHO  +  CH3-CHO  =  C6H5-CH=CH_CHO  +  H20. 

We  have  already  had  examples,  under  ordinary  aldehyde,  of  this  con- 
densation of  two  aldehydes  with  elimination  of  water.  On  digesting 
ordinary  aldehyde  with  chlorhydric  acid,  water  is  eliminated,  and  two 
molecules  of  aldehyde  unite,  forming  crotonic  aldehyde  (p.  139): 

CHrCHO  +  CH3-CHO  =  CH3-CH=CH_CHO  +  H20. 

Cinnamaldehyde  occurs  in  nature  as  the  chief  constituent 
of  cinnamon-oil,  from  which  it  is  usually  made.  It  is  a  color- 
less liquid,  insoluble  in  water  and  sinking  therein.  It  has  the 
odor  of  cinnamon,  and,  as  it  is  an  aldehyde,  it  unites  with 
acid  alkali  sulphites,  and  is  oxidized  (by  the  oxygen  of  the 
air)  to  cinnamic  acid. 

Cinnamic  Acid,  C6H5"CH=CH"COOH,  or  C9H802,  is 
obtained,  besides  cinnyl  alcohol,  from  styracin.  It  is  present, 
together  with  styracin,  in  liquid  storax,  and  is  separated  from 
it  by  treatment  with  sodium  carbonate.  The  cinnamic  acid 
drives  out  the  carbonic  acid  and  forms  sodium  cinnamate, 
which  is  soluble  in  water.  Chlorhydric  acid  precipitates  the 
free  cinnamic  acid  from  this  solution.  It  also  occurs  in  old 
cinnamon-oil,  the  cinnamic  aldehyde  having  gradually  become 
oxidized  into  the  acid. 

It  can  be  made  synthetically  by  heating  benzaldehyde  with 
acetic  anhydride  and  dry  sodium  acetate,  in  which  case  the 
latter  acts  as  a  dehydrating  agent  : 

2  C6H5_CHO  +  (CH3-CO)30  =  2  C6H5-CH=CirCOOH 
+  H20. 

The  homologues  of  cinnamic  acid  can  also  be  obtained  by  this  method. 
Benzaldehyde  and  propionic  anhydride  give  phenylisocrotonic  acid, 

C6H,-CH=CH-CH2-COOH. 

Benzaldehyde  and  butyric  anhydride,  phenylangelic  acid,  etc. 

It  forms  prismatic  crystals  fusing  at  133°  and  boiling  at 
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290°.  It  is  difficultly  soluble  in  cold  water,  easily  in  hot. 
With  chlorine,  bromine,  iodine,  and  nitric  acid,  it  yields  sub- 
stitution-products. Its  carboxyl-hydrogen  is  easily  replaced 
by  metals  and  hydrocarbon  rests,  forming  salts  and  esters. 

Phosphorus  pentachloride  converts  it  into  cinnamyl  chloride, 
C9H,OCl,  an  oil,  which  with  water  decomposes  into  cinnaniic  m 
acid,  with  ammonia  into  cinnamyl  amide,  C9H7ONH2.  On 
oxidation,  it  passes  into  benzaldehyde  and  benzoic  acid. 
Nascent  hydrogen  converts  it  into  liydrocinnamic,  or  phenyl- 
propionic  acid,  C,H  "CH  'OH3"COOH.    Sodium  cinnamate 

0  H  0\ 

and  cinnamyl  chloride  yield  cinnamic  anhydride, c^H^O/0, 
a  colorless,  crystalline  mass  fusing  at  127°,  which  also  forms 
numerous  substitution-products. 

When  cinnamic  acid  is  heated  with  lime,  it  breaks,  analo- 
gously to  benzoic  acid,  into  carbonic  acid  and  a  hydrocarbon, 
styrolene,  or  phenylethyletie,  C8H8  : 

C9H802  =  C8H8+C02.  • 

Styrolene,  Styrol,  or  Cinnamene,  C6H5"CH=CH3,  orC8H8, 
occurs  in  liquid  storax,  and  is  a  colorless,  strongly  refractive 
liquid  with  an  odor  resembling  that  of  benzene.  It  boils  at 
146°  and  is  insoluble  in  water.  When  heated  to  200°  in  closed 
vessels,  it  is  converted  into  a  solid  and  odorless  mass,  which  is 
an  isomeric  styrolene,  known  as  metastyrolene.  Its  formula  is 
probably  3  C8H8.  At  320°,  it  is  transformed  back  into  ordi- 
nary styrolene.  When  styrolene  is  heated  to  170°  with  chlor- 
hydric  acid,  it  is  converted  into  an  oily  liquid,  which  is  prob- 
ably 2  C8H8  distyrolene.  Nitric  acid  converts  styrolene  into 
nitro-compounds.  Bromine  yields  two  addition-compounds, 
C8H8Br2,  which,  on  heating  with  alcoholic  potassa,  are  con- 
verted into  bromstyrolene,  C8H1Br,  and  then  into  phenyl- 
acetylene,  C8H8  =  CJV^CH,  an  oil  which  boils  at  140°. 

There  are  two  esters  of  cinnamic  acid  which  occur  in  nature, 
viz.  : 
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1)  Benzylcinnamic  Ester,  or  Cinname'in,  C9H,03  "  G\H7. 
It  occurs  in  balsams  of  Peru  and  Tolu.  It  forms  small,  glit- 
tering prisms  with  a  pleasant  odor  and  a  sharp,  spicy  taste, 
which  fuse  at  39°. 

2)  Cinnamyl  Cinnam  ic  Ester,  or  Styracin,  C9H708  ~C9H9, 
is  also  contained  in  liquid  storax.  It  forms  small,  colorless 
needles  without  taste  or  smell,  fusing  at  44°. 

Cumaric  Acid,  Hydroxycinnamic  Acid, 

C9H803  =  C6H4  |  \  ch=CH_COOH' 

stands  in  intimate  relation  to  cinnamic  acid.  It  is  obtained 
from  cumarin  (see  later)  and  crystallizes  in  colorless  needles 
fusing  at  195°,  and  soluble  in  hot  water.  On  fusion  with 
potassium  hydroxide,  it  yields  acetic  and  salicylic  acids  : 

C6H4<^  CH=CH_C02H  +  2  KH0  =  °6H4  1 1  C02K 
+  CH3-C02K+H2. 

Cumaric  Anhydride,  or  Cumarin,  C6H4  j  qj^qjj-qqj  oc- 
curs in  many  plants  (Asperula  odorata),  and  especially  in  the 
tonka-bean.  It  is  produced  synthetically  from  the  sodium 
compound  of  salicylic  aldehyde  and  acetic  anhydride. 

The  acetyl  compound  of  salicyl  aldehyde,  together  with 
sodium  acetate  are  first  formed  : 

°6H4\CHO  +  CH3CO/    =  C°H4\CH0 
+  CH3_C02Na. 

The  former  compound  splits  out  a  molecule  of  water  at  a  high 
temperature,  forming  cumarin  :  * 

*  We  have  already  had  occasion  to  notice  this  elimination  of  water  in 
aldehydes  in  the  case  of  the  artificial  production  of  cinnamaldehyde.  It 
occurs  with  aromatic  compounds  only  when  there  are  two  side-chains  in 
the  ortho-position  present. 
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r  it  /0-CO-CH3  _  p  „  j  O-CO-CH  ,  n 

Cumarin 

Cumarin,  C9H602,  forms  colorless  columnar  crystals,  fusing 
at  67°  and  boiling  at  290°.  It  possesses  a  strong  odor,  which 
in  the  dilute  state  resembles  that  of  the  woodward.  When 
boiled  with  potassa,  it  takes  up  water  and  is  converted  into 
cumaric  acid. 

By  the  action  of  nascent  hydrogen,  it  takes  up  a  molecule  of 
hydrogen  and  a  molecule  of  water,  and  is  changed  into  meli- 
lotic  acid,  C9H10O3, 

C9H6O2  +  H2O+H2  =  C9H10O3. 

Melilotic,  or  Hydrocumaric  A  cid  stands  in  the  same  relation 
to  cumaric  acid  as  hydrocinnamic  acid  to  cinnamic  acid.  It 
occurs  with  cumarin  in  sweet  clover,  from  which  it  is  obtained. 
It  forms  long  colorless  needles  fusing  at  82°,  which  are  some- 
what soluble  in  water.  On  distillation,  it  splits  out  water 
forming  the  anhydride  : 

C6H4  |        -@n  -qq  Hydrocumarin. 

Since  cumarin  can  be  produced  artificially  from  sodium 
salicyl  aldehyde  and  acetic  anhydride,  the  homologues  of  cuma- 
rin can  also  be  obtained  by  taking  instead  of  acetic  anhydride, 
propionic  anhydride,  butyric  anhydride,  etc. 

From  a  glucoside  (see  later)  which  occurs  in  coffee,  and  is 
called  caffetannic  acid,  there  is  obtained  an  acid,  C9H804 
=  C6H3(OH)2CH=CH~COOH,  caffeic  acid,  or  dihydroxycin- 
namic  acid.  It  crystallizes  in  yellow  leaflets,  which  are  colored 
grass-green  by  ferric  chloride.  Fusing  potassium  hydroxide 
converts  it  into  protocatechuic  acid,  C6H3(OH)2COOH,  and 
acetic  acid.  By  the  action  of  nascent  hydrogen,  it  is  trans- 
formed into  hydrocaffeic  acid,  C9H10O4. 

Umbelliferon,  C9H603,  contains  one  more  atom  of  oxygen 
than  cumarin.  It  exists  ready  formed  in  spurge-laurel,  and 
18 
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can  be  obtained  by  the  distillation  of  the  resins  obtained  from 
the  umbellifers  (gum  asafcetida,  galbanum,  etc.).    Its  con- 
/OH  

stitution  is  C6H3^0  |    ,  and  its  relation  to  cumarin 

\CH=CH_CO 

is  the  same  as  that  of  hydroxybenzoic  acid  to  benzoic  acid.  It 
forms  prisms  fusing  at  240°  which,  when  fused  with  potassium 
hydroxide,  yield  resorcinol,  C6H4(OH)3,  and  are  converted  by 
nascent  hydrogen  into  hydro-umbellic  acid, 

C9H10O4  =  CJI3(OH)2CH2CH2COOH, 

an  isomer  of  hydrocaffeic  acid  : 

C9H603  +  H20  +  H3  =  C9H10O4. 

DnpJinetin,  CuHeO,,,  which  is  formed  from  daphnin,  and  aesculetin, 
CDlieO-ufrom  aesculin,  are  also  to  be  considered  as  dioxycumarins.  (Com- 
pare glucosides.) 


Cymene. 

There  are  only  a  few  of  the  theoretically  possible  hydrocar- 
bons with  ten  atoms  of  carbon  known. 

1)  Tetramethylbenzene,  C6H2(CH3)4,  durene,  is  formed  from  mono- 
brompseudocumene  and  methyl  iodide.    It  fuses  at  79°  and  boils  at  190°. 

2)  Dimethyl-ethyl-benzene,  CoH^CHa^CaHs),  is  obtained  from  mono- 
bromxylene  and  ethyl  iodide.    It  boils  at  184°. 

3)  Di-ethyl-benzene,  CoH^CsHs^,  is  produced  from  monobromethyl- 
benzene  and  ethyl  iodide.    It  boils  at  178°. 

4)  Methijl-propyl-benzene,  Cymene,  C6H4  j  q^}  ,  C10H13, 

occurs  in  nature.  It  is  contained  in  many  essential  oils,  and 
is  formed  when  essential  oils  of  the  formula  C10H16,  are 
heated  with  iodine,  or  when  their  dibromides  are  treated 
with  alcoholic  potassa.  It  is  also  formed  by  heating  camphor 
with  phosphorus  sulphide.  It  is  a  liquid  boiling  at  175°, 
which  yields  on  oxidation  paratoluic  and  terephthalic  acids. 
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5)  Butylbenzene  and  Isobutylbenzene,  C6H5~C4H9,  are  formed  from 
brombenzene  and  the  butyl  bromides.  They  are  liquids  boiling  at  180° 
and  167°. 

(1  OH 

Thymol  is  the  phenol  of  cymene,  C6H3  42  CH3  =  C10H14O  Thymol 

(5C,H, 

is  a  constituent  of  thyme-oil,  and  crystallizes  in  thin  leaflets  with  a  char- 
acteristic odor  and  burning  taste.  It  fuses  at  44°  and  boils  at  230° 
Among  the  other  derivatives  of  cymene  are: 

Cymyl  alcohol,    C6H4  j  c5?"°H' 

Cumic  aldehyde,  C0H4  j  and 

Cumic  acid,        C6H4  j  q^H. 

Cumic  Aldehyde  occurs  in  .Roman  caraway-oil.  The  alcohol  and  acid 
have  been  produced  from  it. 

Cymyl  Alcohol,  or  Cymol,  is  a  liquid  with  a  pleasant  odor  boiling  at 
243".  Cumic  aldehyde  is  an  oil  with  an  agreeable  odor  boiling  at  237°. 
Cumic  Acid  forms  long  colorless  needles,  which  fuse  at  114°  and  sublime. 

The  three  possible  tetracarboxylic  acids  of  benzene  are  all 
known.  They  are  obtained  from  mellitic  acid,  and  are  known 
as  pyromellitic  acid,  phrenitic  acid,  and  mellophanic  acid, 
C6H2(COOH)4. 

Still  less  is  known  about  the  aromatic  hydrocarbons  contain- 
ing twelve  atoms  of  carbon  directly  united.  To  this  series 
belongs  hexamethylbenzene,  C6(CH3)G,  a  body  fusing  at  150° 
and  boiling  at  260°.  From  it  is  derived  the  hexacarboxylic 
acid,  mellitic  acid,  C6(COOH)6. 

Mellitic  Acid,  C12H60j  2,  is  found  as  a  mineral,  under  the 
name  of  mellite,  or  honeystone  (aluminum  mellitate),  in  lig- 
nite beds.  The  acid  crystallizes  in  fine  needles  which  fuse  on 
heating,  and  on  distillation  break  into  carbonic  acid  and 
pyromellitic  acid  : 

C12H6O12  =  C10H0O8  +  2CO2. 

When  distilled  with  lime,  it  yields  benzene  and  calcium 
carbonate. 
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Reduction  of  the  Benzene  Derivatives. 

As  we  have  already  seen,  each  carbon  atom  of  the  benzene 
nucleus  is  united  to  two  other  carbon  atoms,  to  one  by  a  single 
binding,  to  the  other  by  a  double  binding. 

H 

/°\ 

HC  CH 

ti  i 
HC  CH 

H 


Under  the  proper  conditions,  the  double  bindings  can  be 
either  partly  or  wholly  dissolved,  and  bodies  thus  obtained 
which  are  derivatives  of  the  following  hydrocarbons  : 

H2  H2  H3 

/°\        yc\  /\ 

HC  CH2  HC  CH2  H8C  CH2 
HC       CH        HC       CH2       H2C  CH2 

\q/  N)/ 

H  H2  H2 

C6H8  ;  C6H10  ;  C6H,  8  ; 


In  all  of  these  cases,  however,  the  benzene  nucleus  remains 
unbroken.  As  yet,  the  benzene  nucleus  has  not  been  opened, 
without  the  entire  molecule  breaking  up. 

The  addition  of  hydrogen  to  benzene  cannot  be  effected  by 
the  action  of  any  reducing  agent.  Addition  products  with 
chlorine,  however,  are  easily  produced.  When  chlorine  is  led 
into  benzene,  benzene  hexachloride,  C0H,.C16,  is  formed  : 


PHENOSE. 


HCl 

h/  \h 


C1H 


Hypochlorous  acid,  HCIO,  acts  like  chlorine,  dissolving  the 
double  bindings.  If  benzene  is  added  to  an  aqueous  solution 
of  hypochlorous  acid,  a  body,  C6H9C1303,  is  produced: 


or  C6H6C13(0H)3.  On  treatment  of  this  substance  with 
KOH,  the  three  chlorine  atoms  are  replaced  by  hydroxyls, 
forming  phenose,  C6H6(OH)6  =  C6H1S0„,  a  body  constituted 
similarly  to  glucose. 

The  constitution  of  these  bodies  is  : 


Phenose  is  not  fermentable. 

Although  benzene  cannot  be  reduced  by  hydrogen,  i.e.  the 
hydrogen  has  not  the  power  to  dissolve  the  double  bindings  of 
benzene,  a  reduction  takes  place  when  the  hydrogen  of  the 
nucleus  is  partly  replaced  by  carboxyl-  or  methyl-groups. 
Phthalic  acid,  for  instance,  yields  three  reduction-products 
(hydrophthalic  acids)  : 


CGH6+3HC10  =  C6H9Cl30:j 


OHH 
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Plitlialic  Acid, 
Hydro-phthalic  Acid, 


C6H4(C02H)2 


C6H0(CO2H)2  =  Phthalic  acid 
+  2H 


Tetra-hydro-phthalic  Acid,  C6H8(C02H)2   =  Phthalic  acid 


Hexa-Tiydro-phthalic  Acid,  C&H1  0(CO2H)2  —  Phthalic  acid 


Benzoic  acid,  C6H5~COOH,  yields  with  sodium  amalgam, 
hydrobenzoic  acid,  C6H9COOH  =  C7H10O2,  which  is  a  vola- 
tile acid,  liquid  at  ordinary  temperatures,  and  converted  back 
into  benzoic  acid  by  the  action  of  the  oxygen  of  the  air. 

Hydrobenzoic  acid  is  benzoic  acid  to  which  four  hydrogen  atoms  have 
been  added : 

Phthalic  acid  and  terephthalic  acid  give  with  sodium  amal- 
gam hydro-phthalic  acid  and  hydro-terephthalic  acid,  C8H804. 
Both  are  solid  compounds,  and,  as  diabasic  acids,  form  two 
series  of  salts. 

By  heating  phthalic  acid  with  iodohydric  acid  (which  acts 
as  an  energetic  reducing  agent  at  a  high  temperature)  to  250°, 
hexahydro -phthalic  acid,  C8H1204,  is  obtained.  By  another 
method  (by  distillation  of  hydropyromellitic  acid)  tetra-hydro- 
phthalic  acid,  C8H10O4,  has  been  obtained. 

Tetrahydrophthalic  acid  takes  up  a  molecule  of  bromine,  forming  the 
acid,  CsHioBraOj.  The  bromine  atoms  in  this  derivative  can  be  replaced 
by  hydroxyls,  yielding  bromo-malo-phthalic  acid,  C(,H10Br(OH)04,  and 
tartro-phthalic  acid,  Ce,Hio(OH)20,. 

Both  of  these  acids  owe  their  names  to  their  analogy  to  brom-malic 
acid  and  tartaric  acid  : 


+  4H 


+  6H. 


HCBr — C02H 
HC(OH)-C02H 


Brommalic  acid 


Bromomalophthalic  acid 


HC(OH)-COaH 
HC(OH)-C02H 


Tartaric  acid 


Tartrophthalic  acid 


INDIGO. 


279 


The  hexahydrophthalic  acid  is  an  analogue  of  succinic  acid. 

HCH-C02H  /CH~C02H 

HCH-CO.H  4  "\CETCOsH- 

Succinic  acid  Hexahydrophthalic  acid 

Pyi'omellitic  acid,  C6H2(C02H)4  =  C10H6O8,  is  reduced 
to  hydropyromellitic  acid,  C10HI2O8,  and  mellitic  acid, 
C6(C02H)6  =  Cj  jjHgOj  2, to hydromellitic  acid,  C j  2Hj  3Ot  8. 

The  hydrocarbons  derived  from  benzene  act  differently  on 
reduction  from  benzene.  The  carboxylated  benzene  takes  up 
enough  hydrogen  to  break  all  the  three  double  bindings  into 
simple  ones,  but  methylbenzene  (toluene)  takes  up  only  two 
atoms  of  hydrogen,  dimethylbenzene  (xylene)  four,  while  tri- 
methylbenzene  (mesitylene)  takes  up  six. 

Benzene,  C6H6 

Toluene,  C^Hg  becomes 

Xylene,  C8H10  becomes 

Mesitylene,  C9H12  becomes 


C7H10 
C8H14 


Indigo. 

All  the  benzene  derivatives,  whose  constitution  allowed  of 
their  introduction  into  the  system,  having  been  considered, 
we  come  now  to  a  class  of  compounds  which  are  very  impor- 
tant in  technology,  and  which  are  so  complicated  that  they 
cannot  well  be  classified  under  any  of  the  series  which  have 
been  explained.    They  form  the  indigo  group. 

In  various  plants  (species  of  indigo,  Isatis  tinctoria,  and 
woad,  Polygonum  tinctorium,  etc.),  there  occurs  a  substance 
of  a  glucoside  nature,  which,  on  fermentation  or  by  boiling 
with  acids,  is  decomposed  into  sugar  and  indigo-white.  The 
body  which  occurs  ready  formed  in  plants  is  called  indican. 

The  indigo-white,  which  is  formed  from  it  when  exposed  to 
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the  air,  is,  after  a  time,  converted  back  into  indigo-blue.  The 
indigo  of  commerce  consists  of  several  substances. 

Indigo-Blue,  C16H10N2O3,  is  obtained  in  the  pure  state 
either  by  careful  sublimation  of  commercial  indigo,  or  from 
indigo-white,  or  by  methods  which  will  be  mentioned  farther 
on.  It  is  a  pure  blue,  tasteless,  odorless  powder,  which  is  in- 
soluble in  water,  alcohol,  ether,  and  dilute  acids  and  alkalis. 
At  300°  it  partially  decomposes,  giving  off  purplish-red  vapors 
which  condense  to  glittering  deep  copper-colored  prisms.  On 
boiling  with  potassa  and  powdered  manganese  di-oxide,  it  is 
converted  into  anthranilic  acid.  Distillation  with  potassium 
hydroxide  resolves  it  into  aniline.  Fuming,  as  well  as  very 
concentrated  sulphuric  acid  dissolves  it  with  the  formation  of 
sulphonic  acids.  This  solution  is  used  in  dyeing.  Indigo- 
blue  forms  two  compounds  with  sulphuric  acid,  viz. : 

C16H9N202.HS03, 

sulphopurpuric  acid,  and  Ct  6II8N202  .  2HS03,  indigotindi- 
sulplionic  acid.  The  former  is  insoluble  in  dilute  acids,  the 
latter  soluble.  By  adding  water,  therefore,  to  a  solution  of 
indigo-blue  in  sulphuric  acid,  the  sulphopurpuric  acid  is  pre- 
cipitated, while  the  indigotindisulphonic  acid  remains  in 
solution. 

Indigo-blue,  when  treated  with  reducing  agents  (H2S, 
FeS04,  etc.),  in  the  presence  of  alkalis,  takes  up  a  molecule 
of  hydrogen,  loses  its  blue  color,  and  is  converted  into 
indigo-white : 

C16H10N2O2+H2  =  C1CH12N202. 

Indigo-white  is  changed  into  indigo-blue  by  exposure  to  the 
air.  On  treating  the  indigo-blue  with  stronger  reducing 
agents,  however  (tin  and  chlorhydric  acid),  the  reduction  goes 
further,  and  a  yellow  body  is  obtained  combined  with  the 
tin,  which  takes  up  oxygen  from  the  air  and  becomes  red. 
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On  account  of  its  great  instability  it  has  not  been  thoroughly 
examined.    It  cannot  be  converted  back  into  indigo-blue. 

Indigo- White,  Ct  6HX  2!N'203,  is  yellow,  odorless,  and  taste- 
less.   It  is  insoluble  in  water,  soluble  in  alcohol  and  alkalis. 

When  indigo-blue  is  oxidized  with  nitric  or  chromic  acid,  it 
takes  up  oxygen  and  passes  into  isatin,  C16H10lSr3O4  : 

C16H10N2O2  +  O2  =  C16H10N2O4. 

Isatin,  C16H10N3O4,  or  C8H5N02,  forms  reddish-brown, 
odorless  and  bitter  prisms,  which  are  slightly  soluble  in  alcohol 
and  water,  and  easily  soluble  in  alcohol.  It  fuses  on  heating, 
and  volatilizes  with  partial  decomposition.  Chlorine  and  bro- 
mine yield  substitution-products  with  it;  nitric  acid  destroys 
it.  It  is  soluble  in  cold  potassa-lye  with  a  violet  color.  On 
warming  this  solution,  the  isatin  takes  up  a  molecule  of 
water,  the  solution  becomes  yellow,  and  the  potassium  salt 
of  isatinic  acid,  C16H14N306,  or  C8H7N03,  is  formed  : 

C8H5N03  +  H30  =  C8H,N03. 

On  heating  isatin  with  potassium  hydroxide,  it  is  decom- 
posed into  aniline  and  carbonic  acid  : 

C8H5N08  +  4  KOH  =  C6H7N  +  2  K2C03  +  H2. 

Isatin  unites  with  acid  alkali  sulphites  to  form  crystal- 
line compounds  (we  shall  see  later  on  that  it  is  a  ketone). 

Eeducing  agents  act  on  isatin  in  two  ways,  viz.,  by  the  ad- 
dition of  hydrogen,  and  the  abstraction  of  oxygen. 

Isatid,  C,r,H,2N201,  is  a  dirty-white  powder  insoluble  in  water.  It  is 
formed  by  the  action  of  zinc  and  chlorhydric  acid  on  isatin.  It  yields 
substitution-products. 

Dioxindole,  CBH,N02,  is  formed  from  isatin  by  the  action  of  sodium 
amalgam.  It  crystallizes  in  yellow  prisms  which  are  quite  easily  soluble 
in  hot  water.    It  forms  compounds  with  metals,  with  which  it  also  yields 
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substitutions  of  four  atoms  of  hydrogen.  If  the  reduction  of  isatin  with 
sodium  amalgam  takes  place  in  an  acid  solution,  the  reduction  goes  far- 
ther, forming 

Oxindole,  C8H7NO.  It  crystallizes  in  colorless  needles  fusing  at  120", 
is  easily  soluble  in  hot  water,  and  can  be  distilled  without  decomposition. 
It  yields  compounds  with  metals  and  with  acids. 

Indole,  CeH7N,  is  formed  by  the  distillation  of  oxindole  over  zinc  dust. 
It  has  the  unpleasant  odor  of  excrement,  fuses  at  52°,  is  crystalline,  and 
can  be  distilled  with  but  little  decomposition.  It  colors  a  slip  of  pine 
wood  moistened  with  chlorhydric  acid,  cherry -red.  It  occurs  in  human 
excrement,  and  can  be  obtained  also  by  the  decomposition  of  albumen. 

In  the  urine  of  mammals,  a  substance  occurs  called  indican,  which  is 
indoxylsulphuric  acid,  Ct,H6N"SO^H.  When  moistened  with  chlorhydric 
acid  and  exposed  to  the  air,  it  yields  indigo-blue. 

By  the  reduction  of  isatin,  not,  however,  by  nascent  hy- 
drogen, in  which  case  hydrogen  adds  on,  but  by  abstraction 
of  oxygen,  which  is  effected  by  a  solution  of  phosphorus  in 
phosphorus  chloride,  indigo-blue  is  regenerated. 

Indigo-blue  and  a  number  of  its  derivatives  have  been  pro- 
duced synthetically.  Indole  is  formed  by  leading  di-ethyl- 
toluidine  through  a  red-hot  tube,  and  by  heating  orthonitro- 
cinnamic  acid  with  potassium  hydroxide  and  iron  filings. 
Oxindole  is  obtained  by  reducing  orthonitrophenylacetic  acid, 

C6H4  j  qjj2-qq  jj'  an<^  *s  ^ne  annydride  of  amidophenyl- 
acetic  acid,  C6H4  |  qjj^qq-  Nitrous  acid  converts  oxindole 
into  nitroso-ox  indole,  C6H4  j  qjj  (NO)-^'  which  on  reduc- 
tion, affords  amido-oxindole,  C6H4  \  ^?/attj  •  Amido- 

(  OJdL(-N  tig  J  GO 

oxindole  yields  on  oxidation  with  ferric  chloride,  cupric  chlo- 
ride, etc.,  isatin,  C6H4>|  'qq-^qq'  which  by  treatment  with 

phosphorus  pentachloride  gives  C6H4  j  qq^qqj  •  This  com- 
pound immediately  splits  out  a  molecule  of  HC1,  forming  : 
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CO_CCl; 


which  gives  indigo-blue  on  reduction.  From  isatin  there  are 
also  derived  isatinic  a«W,C6H4  j  q^-qq  g ,  and  dioxindole  : 

r  tt  j  NH  [ 

^6^4  |CH(OH)_CO' 

Indole  is  probably  C6H4  j  q^— CH' 

By  treating  orthonitrocinnamic  acid  with  bromine,  the  di- 

bromide,  CcH4^CHBr"CHBr"CO«,H'  is  Produced>  which 
with  sodium  hydroxide  yields  orthonitrophenylpropiolic  acid, 
C6H4<(^i^,2-QQ  jj-   By  the  action  of  a  weak  reducing  agent 
(grape-sugar)  on  this  acid  indigo-blue  is  formed  : 
2  C9H5N04  +  2  H2  =  C,  6Ht  0N2O2  +  2  H20  +  2  C02, 

By  the  action  of  sodium  hydroxide  alone,  isatin  is  formed. 

By  treating  orthonitrophenylpropiolic  ethyl  ester  with  con- 
centrated  sulphuric  acid,  it  is  converted  into  the  isomeric 
isatogenic  ethyl  ester : 

C  A<^0°2  C°2C2H5   =  C6H4<(^C-C02C2H5. 

Owing  to  its  instability  the  free  acid  has  not  been  obtained. 

Isatogenic  ester  on  reduction  is  converted  into  indoxylic 
ethyl  ester : 

OH 

A* 

C6H4<  |  >C-C02C2He, 
thick,  colorless  prisms  fusing  at  120-121°.  When  heated  with 
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concentrated  sulphuric  acid,  it  passes  into  indigo-sulphonic 
acid. 

The  ethoxyindoxylic  ethyl  ester : 

O02H5 
C  H 


c6h4<(  |  yc  co3c2H5, 

has  been  obtained  in  the  form  of  large  colorless  crystals  fusing 
at  98°.    On  saponifying  indoxylic  ethyl  ester,  indoxylic  acid: 

OH 

6.  H 


C6H4<  I  \CTCOOH, 

fusing  at  122-123°,  is  formed.  By  the  action  of  acid  oxidizing 
agents,  it  is  converted  into  indigo-blue.  By  boiling  the  ester 
with  alcoholic  baryta  and  acidifying,  glittering  leaflets  of 
ethoxyindoxylic  acid : 


OC2H5 

C  ? 
C6H4/  |  NcTCOOH, 


fusing  at  160°,  are  obtained.  On  warming  with  a  solution  of 
ferric  chloride  and  HC1,  it  loses  its  ethyl  group  and  is  con- 
verted into  indigo-blue.  The  ethoxyindoxylic  acid  behaves 
with  nitrous  acid  like  oxindole,  yielding  ethoxy-nitroso-indox- 
ylic  acid: 

OC2H5 

Ax 

C6H4<  |  >C-COOH, 
XN  NO 


in  the  form  of  golden-yellow  needles.  On  reduction,  it  yields, 
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like  oxindol,  an  amido-compound  which  gives  on  oxidation, 
isatin.  Indoxylic  acid  when  heated  to  fusion  evolves  C02, 
and  affords  an  oil  which  is  probably  indoxyl : 


Ethoxyindoxylic  acid,  however,  also  evolves  C02  on  fusion, 
and  yields  an  oil  possessing  the  odor  of  indol,  which  is  ethoxy- 
indoxyl : 


Orthonitrophenylpropiolic  acid  is  converted  by  boiling  with 
water  into  orthonitropJienylacetylene.  By  exposing  the  latter 
in  the  form  of  its  cuprous  oxide  compound  to  the  action  of  an 
alkaline  solution  of  potassium  ferricyanide,  it  is  changed  into 
orthodinitrodijrfienyldiacetylene : 


which  is  the  dinitro-derivative  of  the  hydrocarbon  from  which 
indoxyl  is  derived,  viz.,  diacetyleneplienyl : 


The  dinitro-compound  is  converted  by  the  action  of  cone, 
sulphuric  acid  into  diisatogen,  C16H8N204,  which  by  the 
action  of  reducing  agents  is  changed  into  indigo-blue  : 


OH 


0C2H 


5 


C6H5-C=C-C=C-C6H5. 


C16H8N204  -  02  +H3  =  C16H]0N2O2. 


The  formation  of  indigo-blue  from  orthonitrophenylpro- 
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piolic  acid  is,  then,  dependent  on  the  formation  of  the  inter- 
mediate compound,  indoxyl  : 

n  tt  /C=C"COOH 

Orthonitrophenylpropiolic  acid 

OH 

C6H4<  |  \CH8. 

Indoxyl 

OH  OH 
i  i 

0,H<<^>OH-CH<£>O.H1. 

1  Indigo-white 

C6H4<  |  >CH-CH<  |  >CRH4. 


Indigo-blue 

The  formation  of  indigo-blue  from  diisatogen  is  probably  as 
follows  : 

C6H4<^)>(W  <1>6H4  -  02  +  H 

Diisatogen 


=  c'H<Jf>CH"0H<i>«H- 

The  constitution  of  the  blue  is  more  apparent  when  ex- 
pressed : 

N  CH'CH  N 

/\/  \/\ 
C6H4-C-0-0-C— C6H4. 
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Attention  has  frequently  been  drawn  to  the  easy  substituti- 
bility  of  the  hydrogen  of  benzene  and  its  derivatives,  by  other 
elements  and  atomic  groups.  The  ease  with  which  the  hy- 
drogen of  benzene  is  replaced  gives  rise  to  a  series  of  reactions 
which  as  yet  have  not  received  particular  attention.  On  pass- 
ing benzene  through  a  red-hot  tube,  diphenyl,  C6H6~C6H6, 
(p.  204)  is  formed,  i.e.,  an  H  of  the  benzene,  is  replaced  by 
another  benzene  rest  while  hydrogen  is  set  free.    Phenol  on 

C6H4_OH 

fusion  with  notassium  hydroxide  yields  diplienol,  i  : 

G6H4  OH 

2  C6H5OH  =  C6H4(OH)-C6H4(OH)  +  H2, 

and  hydrazobenzene,  C6Hg~NH~NH~C6H5,  is  converted  by 
C  H  — IV  TT 

acids  into  benzidine,  ■  6    4        2  (p.  224).    By  the  action  of 
C6H4  NH2 

methyl  chloride,  etc.,  on  benzene  in  presence  of  aluminum 
chloride,  chlorhydric  acid  is  evolved,  the  chlorine  of  the 
methyl  chloride  unites  with  the  hydrogen  of  the  benzene,  and 
methylbenzene,  dimethylbenzene,  etc.,  up  to  hexamethyl- 
benzene  are  formed  (p.  275). 

Wben  sulphuric  acid  is  allowed  to  act  on  a  mixture  of  ben- 
zene, phenol,  etc.,  with  an  aldehyde,  the  oxygen  of  the  alde- 
hyde unites  with  the  hydrogen  of  the  benzene,  forming  water 
and  condensation  products  : 

CH3-CHO  +  2  C6H6  =  H30  +  CHg-CH^Hs 

Diphenylethylidene 

Acid  anhydrides  also  react  on  benzene  arid  its  derivatives  in 
presence  of  sulphuric  acid,  forming  condensation  products  : 

CBH4/^\0  +  2  CGH5OH  =  C6H 


C=(C0H4OH)2 

Phenolphthalein 

The  phthalei'ns  are  produced  by  this  method.    The  most 
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interesting  of  these  reactions  is  the  condensation  of  a  mixture 
of  aniline  and  ortho-  or  paratoluidine  or  its  homologues.  Two 
hydrogen  atoms  of  the  methyl  and  2  H's  of  the  two  benzene 
rests  are  oxidized  to  water,  and  a  triamidoderivative  of  tri- 
phenylmethane  is  formed  : 

C6H5NH2  +  L6M^\CH3  -  C6H4(NH2j/V 

This  compound  is  paraleucaniline,  and  is  converted  at  once 
by  further  oxidation  into  the  amide  : 

o:h;1nh;1><^>h. 

or  its  salts,  pararosaniline  (p.  259). 

This  condensation  and  the  consequent  union  of  several  ben- 
zene rests,  either  directly  to  each  other  or  indirectly  by  means 
of  methyl  or  ethyl  rests,  also  takes  place,  as  we  have  seen,  by 
exposing  benzene  and  its  derivatives  to  a  high  heat.  It  is 
from  this  reason  that  diphenyl  and  other  hydrocarbons  which 
will  be  mentioned  later,  as  naphthalene,  anthracene,  phenan- 
threne,  chrysene,  etc.,  exist  in  coal-tar. 

Among  the  condensation  products  which  have  not  yet  been  mentioned 
are  fluorene,  or  diphenylenemethane,  i        ">CH2,  which  is  found  incoal- 

CeH.i/ 

tar,  and  has  also  been  produced  synthetically.    It  fuses  at  113°  and  boils  at 
295°.    Diphenylbenzene,  CcH5~C6H.i~CgH5,  which  is  formed  by  leading 
a  mixture  of  benzene  and  phenol  through  a  heated  tube  (f.  p.  205°),  and 
C  H  \ 

carbazol,  i 6   1  J>NH,  which  is  found  in  coal-tar.     Lastly  acridine, 
C6H4/ 

C12H9N,  which  is  isomeric  with  carbazol. 


Retrospect. 


In  reviewing  the  compounds  derived  from  benzene,  we  are 
struck  by  the  abundance  of  isomers  which  the  higher  substi- 
tuted benzenes  yield,  and  also  by  the  differences  in  the  char- 
acteristic properties  which  exist  between  the  substitution- 
products  of  the  aromatic  bodies  and  those  of  the  fatty  series. 
The  aromatic  chlorides,  bromides,  and  iodides  (so  long  as  the 
halogen  is  not  in  the  side-chain),  are  far  more  stable  than 
their  analogues  in  the  fatty  series.  The  hydroxyl  derivatives 
are  more  stable  than  the  alcohols,  and  in  many  relations  re- 
semble acids.  Sulphuric  and  nitric  acids  convert  the  aro- 
matic compounds  with  great  ease  into  sulphonic  acids  (substi- 
tutions of  the  rest  S02OH)  or  sulphones  (the  rest  S03)  and 
nitro-compounds  (substitutions  of  the  rest  N02). 

The  following  is  a  list  of  the  more  important  derivatives  of 
benzene  arranged  in  series. 

Hydroxyl  Derivatives. 

1.  Monohydroxyl  derivatives  : 

C6Hs(OH),  Phenol. 

2.  Dihydroxyl  derivatives  : 

C6H4(OH)2,    Resorcinol,  Catechol,  Quinol. 

3.  Trihydroxyl  derivatives  : 

C6H3(OH)3,    Pyrogallol,  Phloroglucinol. 

The  third  is  not  known,  nor  have  any  higher  hydroxyl  de- 
rivatives been  obtained. 
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Carboxyl  Derivatives. 

1.  Monocarboxylic  acids  : 

C6H5"C02H,    Benzoic  acid. 

2.  Dicarboxylic  acids : 

1)  C6H4  |  *  qq2§,    Phthalic  acid. 

2)  C6H4  I  3  qq2jjj    Isophthalic  acid. 

3)  ceH4  |  4  C02H'    Terephthalic  acid. 

3.  Tricarboxylic  acids  :  C6H3(C02H)3  : 

1)  1.2.3.    Hemimellitic  acid. 

2)  1.2.4.    Trimellitic  acid. 

3)  1.3.5.    Trimesinic  acid. 

4.  Tetracarboxylic  acids  :  C6H2(C02H)4  : 

1)  Pyromellitic  acid. 

2)  Plirenitic  acid. 

3)  Mellophanic  acid. 

5.  Pentacarboxylic  acids  :  (unknown). 

6.  Hexacarboxylic  acids  : 

C  6  ( C  0  2  H)  6 ,    Mellitic  acid. 
In  other  series  are  : 

1.  Phenylformic  acid  : 

C6H5~C02H,    Benzoic  acid. 

2.  Phenylacetic  acid  : 

C6H5~CH2C02H,    Alphatoluic  acid. 

3.  Phenylglycollic  acid  : 

C6H5"CH(OH)C02H,    Mandelic  acid. 
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4.  Phenylpropionic  acid  : 

^6H5~CH2~CH2~C03H,    Hydrocinnamic  acid. 

5.  Phenylacrylic  acid : 

C6H5~CH=CH~C02H,    Ginnamic  acid. 


1. 
2. 
3. 


'•I 


Hydrocarbons. 

Benzene,  C6H6,  B. 
Methylbenzene,  toluene,  C6H5CH3  =  C,H8, 
Etbylbenzene,  C6H5"C2H5  =  C8H10, 
Propylbenzene,  C6H5"C3H,  =  C9H12, 
Isopropylbenzene,  cumene,  C6HS"C3H,, 


•I 


CioH14, 


9 
10. 
11. 
12. 
13. 

14. 


Butylbenzene,  C6H5~C4H£ 
Isobutylbenzene,  C6H5~C4H9, 
Amylbenzene,  C6H5~C5H11  = 
Dimethylbenzene,  xylene, 

C6H4(CH3)2  =  C8H10, 
Metbylethylbenzene,  C 6  H 5  (C  2 H 5 )  (CH 3 ), 
Metliylpropyl  benzene,  cymene, 

C6H4(CH3)(C3H,)  =  C9H12, 
Diethylbenzene,  C6H4(C2H5)2  =  C10H14, 
Methylamylbenzene, 

C6H4(CH3)(C5H11)  =  C12H18, 
Trimetbylbenzene,*  C6H3(CH3)3  =  C9H18, 
Dimethylethylbenzene,  ethylxylene, 

C6H3(CH3)2(C2H5)  =  C10H14, 
Dimetbylamylbenzene,  amylxylene, 

C6H3(CH3)2C5H,  t  =  C13H20, 


82°. 
111°. 
134°. 
157°. 
151°. 
180°. 
167°. 
193°. 

140°. 

160°. 

175°. 

178°. 

213°. 

166°. 

184°. 

233°. 


*  Mesitylene  and  the  pseudocumene  of  coal-tar. 


Naphthalene. 


There  is  found  in  coal-tar,  besides  benzene  and  its  methyl- 
substitutions,  a  very  large  amount  of  another  hydrocarbon 
which  is  always  formed  when  organic  substances,  even  of  the 
simplest  constitution,  as  alcohol,  acetic  acid,  etc.,  are  exposed 
to  a  red  heat  in  the  absence  of  air.  This  body  is  naphthalene, 
C10H8,  a  derivative  of  benzene,  and  of  the  following  con- 
stitution : 


CH=CH-C"CH=CH 
CH=CH"C"CH=CH 


It  is  a  benzene  nucleus  in  which  two  adjacent  hydrogen 
atoms  are  replaced  by  the  divalent  hydrocarbon  rest,  C4H4, 
or  "CH=CH-CH=CH~. 

This  hydrocarbon  rest  is  a  part  of  a  benzene  ring  which, 
when  attached  to  another  benzene  ring,  produces  a  double 
ring.  The  formula  of  naphthalene  is  represented  by  a  double 
benzene  nucleus,  or  it  might  be  said  by  two  benzene  rings 
welded  together.  We  see  at  once  that  naphthalene  is  capable 
of  yielding  an  immense  number  of  substitutions,  and  that  the 
number  of  isomeric  derivatives  must  be  greater  than  in  the 
case  of  benzene.  We  shall  only  take  up  a  few  of  the  more 
important  derivatives. 

Naphthalene  yields  two  series  of  mono-substitutions  depend- 
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H  H 

HO  C  CH 
HC       C  CH 

H  H 
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ing  on  whether  the  hydrogen  atom  which  is  replaced  is  ad- 
jacent or  not  to  the  carbon  atoms  which  do  not  bind  hydrogen. 
If  the  substituting  element  be  represented  by  X,  the  constitu- 
tion of  the  two  isomers  will  be  : 

H      X  H  H 

HC,     C     2CH         ,       HC       C  CX 

i       ii        i         ana  i       ii  i 

HC6     C     3CH  HC      C  CH 

H      H  H  H 

a  Compound  /3  Compound 

When  two  atoms  of  hydrogen  in  naphthalene  are  replaced 
by  other  elements,  or  groups,  there  are  altogether  ten  isomers 
possible.  Four  of  these  isomers  are  produced  by  substitutions 
in  only  one  half  of  the  double  ring.  Most  of  the  isomers 
known  at  present  belong  to  this  class.  When  the  substitution 
takes  place  in  both  halves  of  the  double  ring  there  are  six 
more  isomers  possible.  Eepresenting  the  eight  atoms  of  hy- 
drogen in  the  naphthalene  by  figures,  we  have  the  following 
isomers  : 

Mono-substitutions :  1)  C10H,  .  1  X,  or  C10H7  .  4  X 
2)  C10H7  .  2  X,  or  C10H,  .  3  X 
Di-substitutions :  1)C10H6.1.2X2 

2)  C10H6.1.3X2 

3)  010H,.1.4Xf 

4)  C10H6.2.3X3 

and  5)  C10H6.1.5X8;  6)  C,  0H6  .  1 .  6  X2  ; 
7)  C10H6.1.7X2;  8)  O10H,.1.8Xt; 
9)  C10HG.2.CX2;       10)  C10H6.2.7X2. 

In  the  case  of  tri-substitutions  of  naphthalene,  there  are, 
when  the  substitution  takes  place  in  only  one  half  of  the 
double  ring  and  the  substituting  atoms  are  all  the  same,  two 
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isomers  possible,  viz.,  1.2.3  and  1.2.4.  Under  the  same 
limitations,  there  is  only  one  tetra-substitution  possible. 

The  most  practical  method  in  use  for  representing  the  constitution  of 
the  naphthalene  derivatives  is  the  following.  By  lettering  the  double  ring 
of  naphthalene  as  below  : 


isomers  can  easiiy  be  indicated.  If  a  di-substitution  takes  place  in  one 
ring,  it  is  expressed  by  connecting  the  letters  representing  the  positions 
of  the  substituting  atoms  by  a  single  stroke.  If  the  substitutions  are  in 
different  rings,  the  letters  are  connected  by  a  double  stroke.  Thus  the  di- 
substitutions,  Nos.  1  and  6  (see  above),  would  be  represented  a,  -  fi\  and 
or,=  /j.2.    The  tri-substitution  1.2.5  would  be  or,  —  /i,=  a2. 

Naphthalene,  C10H8,  crystallizes  in  white,  rhombic  leaflets 
with  a  peculiar  odor  and  burning  taste.  It  fuses  at  79°  and 
boils  at  218°,  is  insoluble  in  water,  and  soluble  in  alcohol  and 
ether.  On  oxidation  it  is  converted  into  oxalic  and  phthalic 
acids  (p.  263)  : 


The  first  action  of  chlorine  on  naphthalene  is  to  break  the 
double  binding  of  the  carbon  atoms  on  one  side  of  the  double 
ring,  forming  addition-products,  after  which  it  produces 
substitution-products.  The  following  chlorine  derivatives  are 
known,  a  number  of  them  being,  however,  obtained  by  other 
methods. 

Naphthalene  dichloride,  C,0ELC12  is  a  liquid  insoluble  in  water.  On 
heating  it  splits  out  a  molecule  of  HC1,  and  is  converted  into  monochlor- 
naphthalene. 

Naphthalene  tetrachloride,  C|0HHC1|,  crystallizes  in  large  rhombohc- 


C10H8  +  4  02  =  C2H204  +  CHHcO,. 


Oxalic  acid        Phthalic  acid 
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drons  fusing  at  182°.  On  distillation  it  breaks  into  dichlornaphthalene 
and  chlorhydric  acid. 

a-Monochlomaphthlene,  C10H7C1,  is  produced  from  naphthalene  di- 
ehloride.    It  is  a  colorless  oily  liquid  boiling  at  255". 

fi-Monochlomaphthalene,  C|0H;C1,  is  obtained  by  the  action  of  phos- 
phorus pentachloride  on  /f-naphthol.  It  is  crystalline,  and  fuses  at  61° 
and  boils  at  256'' . 

Monochlornaphthalene  tetrachloride,  Ci0H7Cl.Cl4,  forms  prismatic 
crystals  fusing  at  130°,  which  on  distillation  break  into  trichlornaphtha- 
!ene. 

Dichlornaphthalene,  C|0H6C12,  is  known  in  seven  isomers,  which  are 
chiefly  distinguishable  by  their  fusing  points  and  crystalline  forms. 

Trichlornaphthalene,  Ci0H5Cl3,  exists  in  four  isomers. 

Tetrachlornaphthalene,  Ci0H4Cl.„  forms  needles  fusing  at  130°. 

Tetrachlornaphthalene  is  the  final  product  of  the  action  of  chlorine  on 
naphthalene,  just  as  naphthalene  tetrachloride  is  the  final  addition- 
product  of  chlorine  with  naphthalene. 

The  same  solution  of  the  double  binding  of  the  carbon  atoms  (on  one 
side  of  the  double  ring)  can  be  effected  by  hydrogen.  When  naphthalene 
is  heated  with  iodohydric  acid  at  250°  with  the  addition  of  phosphorus, 
naphthalene  tetrahydride,  CniH,2,  an  oily  liquid  boiling  at  205°,  is  ob- 
tained. 

Finally  a perchlornaphthalene,  Ci0ClP,  has  been  obtained  by  the  action 
of  chlorine  on  naphthalene  in  the  presence  of  antimony  pentachloride.  It 
fuses  at  135°. 

Bromine  acts  on  naphthalene  like  chlorine,  except  that  it 
does  not  form  addition-products  so  easily.  The  following 
derivatives  are  known  : 

Bromnaphthalene,  C10H7Br,  an  oil  boiling  at  277°.  The  /J-compound 
fuses  at  68°. 

Dibromnaphthalene,  C,0H6Br2,  is  known  in  two  isomers,  one  fusing  at 
81°,  the  other  at  127°. 

Tribromnaphthalene,  Cl0KLBr3,  fuses  at  75°. 
Tetrabromnaphthalene,  CmH4Br.i. 

With  nitric  acid  the  following  nitro-compounds  are  ob- 
tained : 

Nitronaphthalene,  C10H,(NO2),  yellow,  rhombic  crystals 
fusing  at  61°. 
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DinitronapMhalene,  CioH8(N02)2.  Two  isomers  are  known,  one  fusing 
at  214°,  the  other  at  170°. 

Trinitronaphthalene,  doH^NC^,  has  been  obtained  in  three  modifi- 
cations. The  a-compound  forms  large  leaflets  fusing  at  122° ;  the  /J-com- 
pound  small  crystals  fusing  at  218° ;  the  ^-compound,  needles  fusing  at 
147°. 

Tetranitronaphthalene,  CioH4(N02)4,  needles  fusing  at  200'. 

Nitric  acid  not  only  acts  on  naphthalene  as  a  substituting 
agent,  but  also  as  an  oxidizing  agent.  One  side  of  the  double 
ring  of  naphthalene  breaks,  and  two  carbon  atoms  split  off, 
while  the  other  two  remain  united  to  the  benzene  nucleus, 
and  are  oxidized  to  carboxyl  groups.  The  dicarboxylic  acid 
thus  formed  is  phthalic  acid. 

Oxalic  acid  is  also  produced  besides  the  phthalic  acid  : 

H      H  H 

7°va  yc  cooh 

HC  C  CH  ,  ,n  _HC  C  COOH 
HC       C      CH  HC       C  ^COOH 

Ny^c^  \j/\cooh 

H      H  H 

Naphthalene  Phthalic  acid  Oxalic  acid 

By  the  action  of  nascent  hydrogen,  the  nitronaphthalenes 
are  reduced  to  amidonaphthalenes  (see  later).  On  heating 
nitronaphthalene  with  zinc  dust,  azonaphthalene  : 

C10H7-N=N-C10H7, 

is  obtained. 


a-NaphthalenesulpTionic  Acid,  C10H7"SO3H,  is  the  chief 
product  of  the  action  of  sulphuric  acid  on  naphthalene  at  a 
low  temperature  (80°).  It  forms  a  deliquescent,  crystalline 
mass  which,  by  heating  with  water  to  200°,  falls  into  sulphuric 
acid  and  naphthalene  : 


C,  0H,-SO3H  +  H20  =  C10H8  +  H2S04. 
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It  is  a  monobasic  acid.  Its  lead  salt  burns  on  heating  with  a 
smoky  flame. 

fi-Xaplithalenesulplionic  Acid,  Gt  0H,~SO3H,  is  formed  at 
a  higher  temperature  (160°).  It  crystallizes  in  non-deliques- 
cent crystals  which  do  not  decompose  on  heating  with  water. 
Its  lead  salt  glows  on  heating  like  tinder. 

Naplithalenedisulphonic  acid,  Ci0H6(SO;iH)2,  is  formed  in  two  modifi- 
cations by  heating  naphthalene  with  an  excess  of  sulphuric  acid  at  160°. 

These  sulphonic  acids  give  with  chlorine  and  nitric  acid  further  sub- 
stitution-products. 

When  naphthalene  is  heated  with  fuming  sulphuric  acid  and  phos- 
phoric anhydride,  naphthalenetetrasulphonie  acid,  doH^SO^H^,  is  ob- 
tained. 

On  fusion  with  potassium  hydroxide,  the  naphthalene  sul- 
phonic acids  exchange  the  sulpho-group  for  OH,  forming 
potassium  sulphite  and  the  hydroxyl  derivatives  of  naphtha- 
lene.   The  latter  are  called  naphthols. 

C,  0H7"SO3H  +  2  KOH  =  C,  0H7"OH  +  KgS03  +  H„0. 
C10H6-(SO3H)2  +  4  KOH  =  C10H6(OH),  +  2K2S03 
+  2H.O. 

a-Naphthol,  C10H,(OH),  is  obtained  from  avnaphthalene- 
sulphonic  acid.  It  forms  white  needles  fusing  at  94°  and 
distilling  at  280°. 

fi-Naphthol,  C10H,(OH),  is  obtained  from  the  /?-naphtha- 
lenesulphonic  acid.    It  forms  white  leaflets  fusing  at  122°. 

The  ethers,  nitro-derivatives,  and  sulphonic  acids  of  both 
naphthols  have  been  examined.  One  of  the  dinitro  <*-naph- 
thols  is  a  yellow  dye  (naphthalene  yellow),  and  is  met  with  in 
commerce. 

Dihydroxy  naphthalenes,  C,oHc(OH),.  Two  are  known.  One  is  made 
by  heating  naphthoquinone  with  iodohydric  acid  and  phosphorus.  It 
forms  colorless  needles  fusing  at  176°.  The  other  is  obtained  by  fusing 
potassium  a-naphthalenedisulphonate  with  potassium  hydroxide.  It  crys- 
tallizes in  broad  leaflets  fusing  at  186,  and  subliming  at  160°  in  needles. 
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By  fusing  the  potassium  /3-naphthalenedisulphonate  with  potassium 
hydroxide,  only  potassium  /i-naphtholsulphonate  is  obtained. 

A  trihydroxynaphthalene,  obtained  by  the  reduction  of  hydroxy- 
naphthoquinone,  is  also  known. 

The  characteristic  properties  of  the  naphthols  correspond 
completely  with  those  of  the  phenols. 

Naphthoquinone,  C10H6O2,  corresponds  to  quinone, 
C6H402,  which  is  derived  from  benzene. 

Naphthoquinone,  CioH602,  crystallizes  in  yellow  leaflets  or  needles 
fusing  at  13.r)°  and  soluble  in  alcohol,  ether,  and  glacial  acetic  acid. 

Dichlornaphthoquinone,  C10H4CI2O2,  is  obtained  by  the  action  of 
potassium  chlorate  on  naphthalene  yellow,  (dinitronaphthol).  It  forms 
golden-yellow  needles  insoluble  in  water,  and  fusing  at  189°.  By  reduc- 
tion with  sulphurous  acid,  it  is  converted  into  dichlornaphthoquinol 
CioH4Cl2(OH)2,  (like  quinone  into  quinol,  p.  213).  This  body  crystallizes 
in  reddish  needles  fusing  at  14(T.  By  the  action  of  alkalis,  the  chlorine 
of  dichlornaphthoquinone  is  replaced  by  hydroxyl,  giving  rise  to  two  com- 
pounds, C,,.H4C1(0H)02,  chloroxynaphthalic  acid,  and  C,„H4(OH)202, 
naphthazarin.  We  shall  meet  later  on  a  body  which  has  a  similar  con- 
stitution, and  which  plays  an  important  part  in  commerce,  viz.,  alizarin. 

By  the  action  of  phosphorus  pentachloride,  dichlornaphthoquinone  is 
converted  into  pentachlor  naphthalene.  C10H3C15.  In  this  case  the  sub- 
stitution has  advanced  to  half  of  the  double  ring. 

When  naphthalenesulphonic  acid  is  mixed  with  potassium 
cyanide  and  submitted  to  dry  distillation,  cyannaphthalene, 
C10H,~CN,  is  obtained  : 

C,  0LVSO3K  +  KCN"  =  C,  0H7'CN  +  K2S03. 

The  rt'-cyan naphthalene  obtained  from  potassium  a-naphtha- 
lenesulphonate  is  a  crystalline  substance  fusing  at  37°  and 
boiling  at  298°.  When  once  melted,  it  remains  liquid  for  a 
long  time.  /3-cyannaphthalene,  produced  from  potassium 
/?-naphthalenesulphonate,  fuses  at  GG°  and  boils  at  305°.  On 
boiling  with  potassa,  both  cyanides  are  converted  into  the 
corresponding  carboxylic  acids  : 

Cj  oH^CN^E^O  =  C10H7_CO2H  +  NHr 
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a'-cyannaphthalene  yields  ^-naphthoic  acid,  Cx  0H,,""CO2H, 
which  crystallizes  in  white  needles  fusing  at  160°. 

/J-cyannaphthalene  yields  yfl-naphthoic  acid,  which  forms 
needles  fusing  at  184°.  Both  are  monobasic  acids,  and  their 
salts  also  show  isomerism. 

D icyamiaphthalenes,  Ct  0H6(CN)2,  are  produced  in  different 
ways.    Four  are  known. 

a-,  /?-,  y-,  and  d-Dicyannaphthalenes.  From  these  four 
compounds,  the  four  dicarboxylic  acids,  a-,  /?-,  y-,  and  6- 
napMhalenedicarboxylic  acids  are  obtained,  Cj  0H6(CO8H)2. 

By  reduction  of  the  nitronaphthalenes,  amidonaphthalenes 
are  formed. 

Mononitronaphthalene  yields  amidonaplithalene,  or  napli- 
thalidine,  C10H,,~NH2.  The  two  dinitronaphthalenes  yield 
two  diamidonaphthalenes,  C10H6(NH2)2.  Trinitronaphtha- 
lene  gives  a  iriamidonaplitlialene,  C10H5(NH2)3.  All  of 
these  amines  are  bases  and  form  finely  crystallizable  salts  with 
acids. 

Naphthalene  can  be  reduced  like  the  benzene  derivatives,  i.e.,  it  can 
take  up  hydrogen.  In  this  case,  however,  the  double  bindings  of  only- 
half  the  double  ring  are  dissolved,  the  naphthalene  taking  up  two  or  four 
atoms  of  hydrogen,  and  forming  C,oH10  or  C,0H12  (seep.  276). 

Hypochlorous  acids  also  form  double  compounds  in  one  half  of  the 
double  ring,  viz. : 

CloHI0Cl2O2  =  C10H,C12(OH)„ 
C10HB  +  2HOC1  =  C1UH10C1,02. 

These,  when  treated  with  potassa,  exchange  their  chlorine  atoms  for  hy- 
droxyl,  forming  napthene  alcohol,  Ci„HB(OH)4  (see  p.  277). 

Coal-tar  contains,  besides  naphthalene,  methylnaphthalene,  CuHj-CH;,, 
DimethylnapMhalene,  etc.,  probably  in  several  isomeric  modifications. 


Naphthalene  is  an  example  of  a  peculiar  continuation,  or 
duplication,  of  the  benzene  nucleus,  or  ring.  It  is  possible  to 
make  a  number  of  similar  additions,  to  the  benzene  nucleus. 
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The  benzene  ring  consists  of  three  pairs  of  doubly  bound 
carbon  atoms  (C=C),  of  which  one  pair  unites  with  the  rest, 
C4H4,  to  form  napthalene.  When  the  hydrogen  of  a  second 
pair  is  replaced  by  the  rest,  C4H4=,  a  compound  results  of  the 
following  structure  : 


This  hydrocarbon,  C14H10,  is  called  plienanthrene.  The 
third  pair  of  carbon  atoms  can  also  take  up  the  rest,  C4H4, 
forming,  Cj  8Hj  3,  chrysene  : 


HC=CH 


HC      C— C  CH 

ii       i      i  ii 
HC      C     C  CH 


or 


H  H 
CH=CH"C"CH=CH"C"CH=CH 
CH=CH"C  C"CH=CH 


H  H 


II 1 


AH  H/\ 

c    c     c  c 


CH 


HC 


c — C 


CH 


r  xc 
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HC 


H  H 


or 


CH=CH_C  C"CH=CH 

CH=CH-C"C=C_C"CH=CH 

CH  CH 
n  ii 
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It  is  not  known  whether  this  species  of  welding  of  benzene 
rings  takes  place  still  further.  A  higher  hydrocarbon,  picehe, 
C22H14,  is  known,  but  its  constitution  has  not  been  ascer- 
tained. 

Phenanthrene,  C14H10,  like  benzene  and  naphthalene,  is  a 
constituent  of  coal-tar.  It  can  also  be  produced  synthetically 
by  passing  the  vapors  of  stilbene  (p.  239)  through  a  strongly 
heated  tube.  It  crystallizes  in  leaflets  fusing  at  100°  and  boil- 
ing at  340°.  On  oxidation  it  is  converted  into  the  quinone, 
Cj4H802,  and  finally  into  a  dicarboxylic  acid,  diphenic  acid, 
or  dijyhenyldicarboxylic  acid,  Ci4H1004  =  Cj  2H8(C02H)2. 
This  diphenic  acid  can  be  converted  into  diphenyl : 


(see  p.  204). 


C6H5  C6H£ 


Anthracene,  C14H10,  which  is  also  a  constituent  of  coal-tar, 
is  an  isomer  of  phenanthrene.  It  can  be  produced  syntheti- 
cally by  heating  benzoyl  chloride  with  water  at  180°,  or  by 
the  action  of  sodium  on  orthobrombenzyl  bromide.  It  crys- 
tallizes in  white  leaflets  fusing  at  213°. 

The  constitution  of  anthracene  is  : 

H  H 

c6h4  /c\  h  /°\ 

HC      C"C~C  CH 
ii 

CH 


CH~CH    ip,  ii  iii 


CtH4  V  H  V 

H  H 


CH"CH=C"CH"C=CH"CH 
or  ,,  iii  ii 

CH-CH=C"CH-C=CH_CH 

Anthracene  differs  from  phenanthrene  in  not  being  a  di- 
phenyl derivative.  Phenanthrene  is  ethylene,  in  which  two 
atoms  of  hydrogen  are  replaced  by  the  di-valent  diphenyl  rest. 
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Anthracene,  however,  is  ethane  in  which  four  hydrogen  atoms 
have  been  replaced  by  the  two  di-valent  benzene  rests  : 


Chlorine  converts  anthracene  into  anthracene  dichloride,  Ci4H10Cl2. 
With  bromine  a  compound  is  formed  which  is  both  an  addition-  and  sub- 
stitution-product, dibromanthracene-tetrabromide,  Ci4flbBr2 .  Br4.  With 
carbonyl  chloride,  COCl2  (p.  35),  anthracene  yields  anthracene-carboxylic 
acid,  C14H0CO2H. 


The  quinone  of  anthracene,  anthraquinone.  and  its  derivatives,  are 
the  most  important  compounds  of  the  anthracene  series. 

When  anthracene  is  heated  with  nitric  acid,  anthraquinone  : 


is  produced.    It  forms  crystals  fusing  at  277°. 

Anthraquinone  forms,  when  treated  with  sulphuric  acid,  anthraqui- 
nondisnlphonic  acid,  Ci4H70-j(S03H).  The  potassium  or  sodium  salt  of 
this  acid  yields,  when  fused  with  potassium  hydroxide,  dioxy anthraqui- 
none, or  alizarin,  Ci4H6(OH)202  =  C14H004.  The  same  reaction  takes 
place  with  the  dibromanthraquinone. 

Alizarin,  C14H804,  like  indigo-blue,  is  a  coloring  matter 
which  does  not  occur  already  formed  in  plants,  but  is  produced 
from  a  glucoside  contained  in  them  by  a  species  of  fermenta- 
tion. In  the  root  of  the  madder  (Rubia  tinctorium)  a  sub- 
stance occurs  which  is  called  ruberythric  acid,  C26H38014. 
By  the  action  of  ferments,  or  by  boiling  with  dilute  acids  or 
alkalis,  it  falls  into  glucose  and  alizarin  : 


Phenanthrene  is 


C6H4-CH 
66H4-CH; 


Anthracene  is  C6H4<^  i 


CMHl0  +  COOT*  +  H20  =  CnH9(COsH)  +  2  HC1. 


CiBHt80M  +  2H20  =  2  C6H1306  +  C14H804. 


Alizarin  crystallizes  in  yellowish-red  prisms  containing 
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3  H20.  At  100°,  it  loses  its  water  of  crystallization,  turning 
red,  and  at  a  stronger  heat,  sublimes  in  red  needles.  It  is 
.insoluble  in  water,  and  difficultly  in  alcohol  and  ether,  with  a 
3'ellow  color.  It  is  easily  soluble  in  alkalis,  with  a  purplish 
red  color,  the  solution  showing  a  fine  fluorescence.  Concen- 
trated sulphuric  acid  dissolves  it  without  change,  forming  a 
red  solution  which  is  precipitated  by  water.  Nascent  hydro- 
gen converts  it  into  hydroalizarin,  C14H10O4,  and  nitric  acid 
into  a  nitro-derivative. 

Alizarin  has  decided  acid  properties,  and  unites  with  bases. 
To  this  property  it  owes  its  solubility  in  alkalis.  Its  com- 
pounds with  the  alkaline  earths,  alumina  and  iron  oxides,  are 
insoluble.  Alizarin,  is  therefore,  precipitated  from  its  solu- 
tion in  alkalis  by  these  substances.  In  turkey-red  dyeing,  the 
alumina  compound  of  alizarin  is  formed  by  passing  the  cloth 
saturated  (mordanted)  with  an  alum  solution  through  a  solu- 
tion of  alizarin,  the  insoluble  compound  being  thus  produced 
directly  on  the  fibre. 

On  heating  with  zinc  dust,  alizarin  is  reduced  to  anthra- 
cene. 

On  heating  nitroalizarin  with  glycerol  and  sulphuric  acid,  a  peculiar 
reduction  takes  place  with  the  formation  of  ' '  alizarin-blue.  " 

C14H,04(NOs)  +  C3HPOa  =  CnH^NO*  +  3  H20  +  02. 

The  constitution  of  this  compound  is  : 

Cfl==CH 
CH=CH-C-CO-C-C=C-N=CH 
CH=CH-C-CO-C-C=C_OH 
OH 

Besides  alizarin,  madder  roots  contain  an  oxidized  alizarin 
which  has  been  gradually  formed  from  the  alizarin  by  the 
action  of  the  oxygen  of  the  air.    It  is  called  purpurin : 


014H6(OH3)30,  =  C14H806. 
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It  is  also  produced  as  a  side-product  in  the  manufacture  of 
artificial  alizarin.  Purpurin  is  soluble  in  water  and  alkalis. 
Its  alumina  compound  is  also  soluble.  It  dyes  wool,  etc.,  a 
color  resembling  that  given  by  alizarin. 

In  the  artificial  production  of  alizarin,  there  are  also  two 
acids  obtained  which  are  isomeric  with  alizarin,  viz.,  anthra- 
flavic  acid,  forming  yellow  silky  needles  fusing  above  330°, 
and  isanthrqflavic  acid,  also  forming  yellow  needles  fusing  at 
330°,  but  crystallizing  with  one  molecule  of  H20. 

From  the  bark  of  a  species  of  alder  (Rhamnus  frangula)  a 
glucoside,  frangulin,  C20H20O10,  is  obtained,  which  on  boil- 
ing with  acids  breaks  into  dextrose  and 

Frangulic  acid,  C14H804,  which  is  isomeric  with  alizarin. 
It  forms  crystalline  needles  containing  \  molecule  H20,  and 
fuses  at  252°. 

Besides  the  above  mentioned  dioxyanthraqui nones,  there 
are  quinazarin,  yellowish-red  leaflets  fusing  at  195°,  purpur- 
oxanthin,  yellowish-red  needles  fusing  at  262°,  and  cl/rysazin, 
leaflets  fusing  at  191°. 

Compounds  isomeric  with  purpurin  arc  also  known,  viz., 
anthrapurpurin,  C14H805,  orange  leaflets  fusing  over  330°, 
and  flavopurpurin,  long,  golden-yellow  needles. 

Higher  hydro xylated  anthraqui nones  are  also  known.  An- 
thrachrysone,  C14H806,  golden-yellow,  fine  needles;  rafiopin, 
C14H806,  golden-yellow  needles  ;  rufigallic  acid : 

C14H808  +  2  H20, 

small,  glittering,  brownish-red  needles. 

The  roots  of  the  rhubarb  contain  a  yellow  dye-stuff  called 
chrysopJianic  acid,  C15H10O4.  It  does  not  exist  already 
formed  in  the  plant,  but  is  produced  by  a  species  of  fermen- 
tation from  a  glucoside,  chrysophan,  C27H30014,  which  breaks 
into  dextrose  and  the  coloring  matter. 

Chrysene,  C18H12  (p.  300),  exists  in  coal  tar,  from  which  it 
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distils  at  a  red  heat.  It  crystallizes  in  colorless  leaflets,  fusing 
at  250°.  It  is  usually  more  or  less  yellow.  Chlorine,  bro- 
mine, and  nitric  acid  convert  it  into  substitution  products. 
Chromic  acid  oxidizes  it  to  chrysoquinone,  C18H10O2,  which 
can  be  converted  into  clirysoquinol,  C18H10(OH)8,  dichlor- 
chrysoquinone,  C18H8C1303,  and  perchlorchrysoquinone, 
C18C11002.  Another  hydrocarbon,  retene,  C18H18,  is  also 
found  in  coal-tar.  It  forms  mother-of-pearl  leaflets  fusing  at 
98°. 

Among  the  other  constituents  of  coal-tar,  arefluoranthrene, 
C15H10,  leaflets  fusing  at  109°,  and  pyrene,  C16H10.  Both 
of  them  yield  chlorine,  bromine  and  nitro-derivatives,  as  well 
as  the  quinones  and  their  derivatives.  The  constitution  of 
fluoranthrene  is  probably  : 

/C6H~CH 
CH2<  ii  , 

2\C6H3-CH' 

and  that  of  pyrene  : 

CH"C6H3"CH 
CH-C6H3"CH  ' 

In  lignite  coal-tar,  a  hydrocarbon,  picene,  CggH14,  has  been 
found,  which  crystallizes  in  colorless  leaflets. 


Following  the  compounds  which  we  have  so  far  considered, 
there  are  several  groups  of  bodies,  the  constitution  of  which 
has  either  not  yet  been  determined,  or  does  not  allow  of  their 
consideration  in  the  groups  already  treated  of,  without  sepa- 
rating bodies  which  are  really  closely  related. 


Camphor  Group. 

In  the  cavities  in  old  stems  of  a  species  of  trees  growing  on 
the  islands  of  Sumatra  and  Borneo  (Dryobalanops  camphora), 
20 
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a  body  is  found,  which  is  known  as  Borneo-camphor,  or  Borneol, 
C10H18O.  It  is  crystalline,  fuses  at  198°,  and  boils  at  212°. 
It  has  a  burning  taste  and  the  peculiar  odor  of  camphor.  It 
is  insoluble  in  water,  and  turns  the  plane  of  polarized  light 
to  the  right.  With  chlorhydric  acid,  it  yields  a  chloride, 
C10Hj,Cl,  and  Avith  other  acids,  ether-like  derivatives  are 
formed.    Nitric  acid  converts  it  into  ordinary  camphor. 

Camphor,  Ct  0H16O,  is  found  in  the  camphor-tree,  which  is 
indigenous  to  China  and  Japan.  It  forms  white,  translucent 
masses  with  a  peculiar  odor  and  a  burning  taste.  It  fuses  at 
175°  and  boils  at  205°.  It  can  be  cut  with  a  knife,  but  is 
difficult  to  pulverize.  This  is  accomplished  more  easily,  how- 
ever, when  moistened  with  alcohol.  It  is  insoluble  in  water, 
and  soluble  in  alcohol,  ether,  acetic  acid,  concentrated  sul- 
phuric and  chlorhydric  acids.  Small  particles  cf  it  when 
thrown  on  water  swim  on  the  surface  with  a  rotary  motion. 
It  burns,  on  heating,  with  a  smoky  flame.  Its  alcoholic  solu- 
tion turns  the  plane  of  polarized  light  to  the  right. 

It  unites  with  bromine,  forming  an  addition-product, 
C10H16Br2O,  which  on  distillation  loses  bromine,  and  is  con- 
verted into  monobromcamphor.  Dehydrating  agents,  as  phos- 
phoric anhydride,  zinc  chloride,  etc.,  convert  it  into  cymene, 
(methylpropylbenzene),  attacking  it,  however,  more  vitally  and 
forming  at  the  same  time  methylbenzene  (toluene),  dimethyl- 
benzene  (xylene),  and  trimethylbenzene  (pseudocumene). 

On  digestion  with  potassa  at  300°,  it  is  changed  into  cam- 
pholic  acid,  Gt  i)Tli  802  : 

ci  oHi  G0  +  H20  =  Ct  0H,  802. 

By  boiling  a  considerable  time  with  nitric  acid,  it  is  converted 
into  camphoric  acid,  C10H16O4. 

By  the  action  of  sodium,  it  is  changed  into  Borneo-camphor, 
C10H18O.  The  sodium  compound  of  both  Borneo-camphor 
and  ordinary  camphor  is  first  formed  : 
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2  C,  0H,  60  +  Na2  =  C,       7NaO  +  C,  ..H,  5NaO. 


The  former  being  converted  by  the  action  of  carbonic  acid 
and  water  into  Borneo-camphor. 


C,       7NaO  +  CO,  +  H20  =  C10Kt  sO  +  NaHC03. 


Calcium  caraphorate,  on  distillation,  is  converted  into  a  compound 
isomeric  with  phoron,  C9H140  (see  later),  which  by  oxidation  breaks  into 
acetic  acid,  C-HjOa,  adipinic  acid,  CoHmO^  and  carbonic  acid  : 


By  heating  with,  iodine,  camphor  is  converted  into  cumic 
phenol : 


a  thick  oil  isomeric  with  thymol. 

From  the  above  facts  the  constitution  of  camphor  and  its  derivatives 
is  most  probably  as  follows  : 

Camphor  contains  a  reduced  benzene  nucleus  with  a  methyl  and  a 
propyl  group  : 


CHM0  +  7  0  =  CsH4Os  +  C6H10O4  +  CO,. 


C10H1S-OH  =  OeH4(C,H,)-CHfOH, 


C3H7 


CH 


Hi 


CO 


From  which  are  derived 


C3H7 


C3H7 


C3H7 


CH 


CH 


CH 


HC  CH(OH) 


HC  COOH 


CH3 
Borneo-camphor 


CH3 

Campholic  acid 


CH3 
Camphoric  acid 
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Several  bodies  are  known  which  are  isomeric  with  camphor.  There  are 
also  a  large  number  of  substances  resembling  camphor,  of  which  we  shall 
only  mention  the  following  : 

Peppermint-camphor,  or  menthol,  Ci0H30O,  separates  from  peppermint- 
oil.  It  fuses  at  42°  and  boils  at  212°,  and  has  the  odor  and  taste  of  pep- 
permint-oil. 

Elecampane-camphor,  C10H16O,  is  contained  in  the  roots  of  the  Inula 
helenium.  It  fuses  at  64°.  Hclenine,  Ci2H10O2,  occurs  with  it  forming 
needles  fusing  at  110°. 

The  young  stems  of  the  dryabalanops,  from  which  Borneo-camphor  is 
obtained,  yield  also  a  hydrocarbon,  C10Hi0,  camphor-oil,  from  which 
Borneo-camphor  seems  to  be  formed  after  a  time. 


Essential  Oils, 

There  are  a  very  large  number  of  substances  which  have 
the  composition  O10H16.  They  are  called  essential  oils,  and 
occur  in  plants,  being  obtained  by  distilling  them  with  steam. 
We  shall  only  mention  the  more  important  ones.  Their  con- 
stitution is  not  known  with  certainty. 

In  general  we  understand  under  essential  oils,  a  number  of  plant-prin- 
ciples which  boil  without  decomposition,  are  all  indifferent,  possess  strong 
odors  and  burning  tastes,  are  nearly  insoluble  in  water,  are  mostly  liquid 
and  seldom  solid  at  ordinary  temperatures,  and  differ  from  the  fatty  oils 
(glycerides)  by  their  volatility  and  odors. 

They  are  divided  into 

1)  Essential  oils  free  from  oxygen. 

These  are  the  essential  oils  proper.  They  nearly  all  possess 
the  composition  Ct  0H1 6  (or  a  multiple  of  it),  are  lighter  than 
water,  turn  the  plane  of  polarized  light,  and  are  converted  into 
terephthalic  acid  by  oxidizing  agents. 

In  this  class  belong  turpentine-oil,  lemon-oil,  orange-peel-oil, 
cubeb-oil,  cardamon-oil,  savin-oil,  bergamot-oil,  cajeput-oil, 
lavender -oil,  rosemary-oil,  and  amber-oil. 

2)  Essential  oils  containing  oxygen. 
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a)  Mixtures  of  oils  containing  oxygen  with  oils  free  from 
oxygen  :  Valerian-oil,  flag -oil,  caraway-oil,  nutmeg-oil,  clove- 
oil,  thyme-oil,  parsley-oil,  ivormioood-oil,  rue-oil,  curled- 
mint-oil,  peppermint-oil,  and  rose-oil. 

b)  Oils  containing  oxygen  : 

Bitter  almond-oil,  cinnamon-oil,  anise-oil,  fennel-oil,  marjo- 
ram-oil, camomile-oil,  sage-oil,  and  tansy-oil. 
3)  Oils  containing  sulphur  : 
Mustard-oil,  spoonwort-oil,  and  leek-oil. 

Turpentine-Oil,  Ci0H16.  Turpentine-oil  is  the  representative  of  all  of 
the  essentia]  oils  free  from  oxygen.  Most  of  its  reactions  resemble  those 
of  the  other  essential  oils  of  this  class. 

When  incisions  are  made  in  the  bark  of  trees  belonging  to  the  abietinece 
family,  a  thick  sap  flows  out,  which  is  called  turpentine,  and  is  a  mixture 
of  rosin  and  turpentine-oil.  By  distilling  with  steam,  this  product  yields 
turpentine-oil. 

It  is  a  colorless  liquid  with  a  peculiar  and  disagreeable  odor. 
It  boils  at  160°,  and  is  lighter  than  water  (sp.  gr.  0.86).  It  is 
insoluble  in  water,  although  it  imparts  its  odor  to  it.  In 
alcohol,  ether,  and  acetic  acid  it  is  soluble.  Phosphorus,  sul- 
phur, resins,  and  caoutchouc  dissolve  in  it,  and  it  is  hence 
used  in  the  preparation  of  resin  and  oil  varnishes.  It  turns 
the  jDlane  of  polarized  light,  the  various  kinds  having  different 
powers  of  rotation,  by  which  they  can  be  distinguished.  The 
German  oil,  from  Pinus  sylvestris  and  Abies  excelsa,  the  French 
oil,  from  Pinus  maritima,  and  the  Venetian  oil,  from  Larix 
Europai,  polarize  to  the  left,  the  English  oil,  from  Pinus 
australis  polarizes  to  the  right.  Concentrated  sulphuric  acid 
converts  all  the  different  kinds  of  turpentine-oil  into  inactive 
turpentine,  or  camphene. 

Turpentine-oil  takes  up  oxygen  from  the  air,  and  becomes 
thick  and  resinous.  The  oxygen  absorbed  shows  all  the  prop- 
erties of  ozone.  "With  strong  oxidizing  agents,  as  fuming 
nitric  acid,  the  oil  ignites. 

On  standing  some  time  with  water,  it  takes  up  two  mole- 
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cules,  and  changes  into  a  crystalline  substance,  terpin, 
C10H30O2,  which  crystallizes  with  one  molecule  of  water, 
becomes  anhydrous  at  100°,  fuses  at  103°,  and  sublimes  in 
needles. 

By  leading  chlorhydric  acid  gas  into  an  alcoholic  solution  of 
turpentine-oil,  they  unite,  the  latter  taking  up  two  molecules  of 
HC1,  and  forming  the  compound  G10B.17G\2,  terpene  dihydro- 
cJiloride.  When  the  chlorhydric  acid  is  passed  into  dry  turpen- 
tine-oil, the  compound  C10H17C1,  terpene  monohydrochloride, 
is  produced.  This  is  isomeric  with  borneol  chloride,  and  exists 
in  a  liquid  and  a  solid  modification. 

On  boiling  with  dilute  nitric  acid,  it  is  vitally  decomposed, 
with  the  formation  of  cyanhydric,  formic,  acetic,  propionic, 
butyric,  terephthalic,  and  terebic  acids.  Terebic  Acid, 
C7H10O,  has  probably  the  constitution  : 

6 — c5o 

Terpene  Dibromide,  C10H16Br2,  which  is  formed  by  the 
action  of  bromine,  loses  2  HBr  on  heating,  yielding  cymene 
(methylpropylbenzene).  The  production  of  terephthalic  acid 
and  cymene  proves  that  terpene  contains  the  benzene  nucleus. 

By  repeated  distillations,  as  well  as  by  treatment  with  various  acids, 
turpentine-oil  is  converted  into  the  inactive  camphene,  G\oHlc,  which  is  a 
crystalline  mass,  fusing  at  58°  and  boiling  at  100°. 

Lemon-oil,  Ci0H16,  is  obtained  by  pressing  lemon-skins.  It  is  lighter 
than  water,  boils  at  175°,  and  has  the  odor  of  lemons.   It  unites  with  2  HC1. 

Among  the  oils  containing  oxygen  we  shall  mention 

Valerian-oil,  which  is  obtained  from  the  roots  of  the  valerian.  It  is  a 
mixture  of  valerianic  acid,  C5II10O2,  valerene,  Ci0HiC,  and  valerianic  est- 
ers ;  its  components  can  be  separated  by  fractional  distillation. 

Caraway-oil,  is  contained  in  the  seeds  of  the  Carum  carui.  It  contains 
a  hydrocarbon,  Ci0H10,  and  carvol,  Ci0Hi4O. 

Roman  caraway-oil  is  produced  from  the  Cuminum  cyminium.  It  is 
mixture  of  cymene,  C10H11,  with  cumic  aldehyde,  Ci0H,4O. 

Clove-oil  is  obtained  from  cloves  by  distillation  with  steam.    It  is  a 
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mixture  of  a  solid  hydrocarbon,  C20H32,  which  boils  at  254°,  with  eugenol, 
Ci0H12O2.    Eugenol  is  an  oily  liquid  boiling  at  247°,  which  by  fusion  with 
potassium  hydroxide  is  decomposed  into  protocatechuic  and  acetic  acids. 
<  OH 

Its  constitution  is,  C0H3  \  OCH3.    Eugenol  is  the  monomethyl  ether  of 
(  C,H5 

allylpyrocatechol,  and  stands  in  intimate  relation  to  coniferyl  alcohol, 
(  OH 

C6H3  \  OCH3       (compare  glucosides),  and  to  ferulic  acid, 
(  C3H4"OH 

(  OH 

C„H3  \  OCH3 

(  C3H2C02H 

which  exists  in  asafoetida. 

Thyme-oil,  from  Thymus  vulgaris,  consists  of  a  hydrocarbon,  Ci0H16, 
thymene,  and  thymol,  the  phenol  of  a-cymene . 

Parsley-oil,  contains  a  hydrocarbon,  C10H16,  and  the  so-called  parsley- 
camphor,  Ci2H140. 

Wormwood-oil,  from  Artemesia  ahsynthium,  is  a  dark-green  oil,  which 
contains  a  hydrocarbon,  C10Hi6,  a  body  isomeric  with  camphor,  C]0Hi6O, 
and  a  blue  hydrocarbon,  probably  C20H4:.,  boiling  at  about  290°. 

Rose  oilis  amixture  of  solid  hydrocarbons,  Ci6H34,  with  an  oxygenated 
substance  which  has  not  been  fully  examined. 

Anise-oil  and  Fennel-oil  contain  anethol,  doH^O,  as  their  chief  con- 
stituent.   It  fuses  at  21°  and  boils  at  232°,  and  by  oxidation  is  converted 

(  OCH 

into  anise-aldehyde  and  anisic  acid.    Its  constitution  is  C0H4  -j  ^  ^  3. 

Bitter  Almond  oil  contains  benzaldehyde,  C6H5~CHO,  and  cyanhydric 
acid.    Cinnamon-oil,  consists  of  cinnamic  aldehyde,  CcH5_CH=CH~CHO. 

Wc  have  already  met  with  a  representative  of  the  sulphuretted  oils  in 
mustard  oil,  C3H5NCS,  and  leek-oil  (allyl  sulphide)  (C3H5)S2.  Spoon- 
wort-oil  is  the  mustard-oil  of  the  secondary  butyl  alcohol,  C4H9NCS. 


Resins. 

The  resins  are  obtained,  together  with  the  essential  oils,  from 
plants.  They  are  either  dissolved  in  the  essential  oils,  in 
which  case  they  are  called  balsams,  or  are  mixed  with  gum, 
being  then  known  as  resins.    As  the  essential  oils  take  up 
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oxygen  on  standing,  becoming  more  consistent,  the  balsams  on 
exposure  gradually  become  hard. 

The  resins  are  mostly  amorphous,  brittle  bodies,  which  are 
insoluble  in  water  and  soluble  in  alcohol,  ether,  fatty,  and 
essential  oils.  They  are  fusible,  but  decompose  at  a  higher 
temperature.    They  exhibit  acid  properties. 

Turpentine  contains,  besides  turpentine-oil,  a  resin  called 
colophony,  rosin,  or  ordinary  resin,  which  consists  chiefly  of 
sylvio  acid,  C44H6405,  and  an  isomeric  amorphous  acid, 
pinic  acid.  Copaiba  balsam  contains  copaiba-resin,  which 
consists  chiefly  of  copaibic  acid,  C20H30O2.  It  forms  trans- 
parent, colorless  crystals.  Guaiacum  resin,  from  yuaiacum 
officinalis,  forms  reddish-brown  spherical  masses  which,  when 
exposed  to  the  air,  or  treated  with  chlorhydric  acid,  are  col- 
ored green.  Its  alcoholic  solution  is  colored  dark-blue  by 
nitrous  acid  and  ozone.  Shellac  is  easily  soluble  in  alcohol 
and  alkalis,  and  is  used  in  the  preparation  of  Tarnishes  and 
sealing-wax.  Balsam  of  Peru  contains,  besides  the  resin,  cin- 
namic  acid,  cinnamem  (cinnamic  benzyl  ester,  p.  272),  and 
styracin  (cinnamic  cinnyl  ester,  p.  272).  Storax  contains,  be- 
sides a  resin,  styracin  as  chief  constituent,  and  also  cinnamic 
acid  and  styrene,  C8H8.  Balsam  of  Tolu  contains  various 
resins,  benzoic  acid,  and  an  essential  oil  boiling  at  170°. 
Benzoin  resin,  serves  as  the  source  of  benzoic  acid,  containing 
18  of  it.  Aloes,  from  Aloe  capensis  is  a  deep  brown,  or  when 
made  from  Aloe  succotrina,  a  reddish-brown  amorphous  mas?, 
which  on  treatment  with  Avater  yields  aloi'n  (see  later).  Jalap 
is  a  yellowish-brown  mass.  Mastic  forms  bright-yellow  grains 
with  a  balsamic  odor  and  taste. 

Gum  Ammoniac  is  the  dried  milky  sap  of  the  Dorema  am- 
moniacum,  and  forms  yellow  to  yellowish-brown  grains,  which 
on  fusion  with  potassium  hydroxide  yield,  besides  volatile  fat 
acids  and  oxalic  acid,  resorcinol.  Gum  yalbanum  is  the  dried 
milky  sap  of  the  Ferula  erubescens.  Asafostida  is  the  dried 
milky  sap  of  the  Scorodosma  foetidum,  and  is  an  offensively 
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smelling  brownish  resin,  which  owes  its  odor  to  a  sulphuretted 
oil,  Cj 2H22S2,  boiling  at  135°.  On  fusion  with  potassium 
hydroxide,  it  yields,  besides  volatile  fatty  acids,  protocatechuic 
acid  and  resorcinol.  Euphorbium  is  obtained  from  Euphorbia 
resinifera.  Its  active  constituent  is  euphorbon,  which  is  the 
anhydride  of  an  acid  not  yet  thoroughly  examined.  Among 
the  remaining  gums  are  gum-elimi,  franhincense,  and  myrrh. 

Caoutchouc  is  intimately  related  to  the  resins.  Many  trees, 
especially  those  of  the  euphorbiacece,  yield  a  juice,  when  incisions 
are  made  in  them,  that  gradually  hardens  in  the  air  to  an 
elastic  mass.  Its  composition  corresponds  to  the  formula 
CgHj  4.  When  caoutchouc  is  heated  with  sulphur,  it  becomes 
"  vulcanized,"  and  is  then  much  more  elastic  and  does  not  be- 
come brittle  when  cold.  On  heating  higher,  it  is  converted 
into  a  peculiar  substance  known  as  "vulcanite,"  or  hard 
rubber. 

A  substance  very  similar  to  caoutchouc  occurs  in  the  East 
Indies,  which  is  known  as  gutta  percha,  and  has  the  composi- 
tion C10H16.  It  is  produced  by  a  tree  belonging  to  the 
sapodilla  family,  and  is  obtained  in  the  same  way  as  caout- 
chouc. 

To  conclude,  we  shall  mention  the  fossil  resins,  amber  and 
asphalt.  The  former  is  found  on  the  coast  of  the  Baltic  Sea, 
contains  a  resin,  amber  oil,  and  succinic  acid.  The  latter  has 
probably  been  formed  from  petroleum,  and  is  a  black  mass 
fusing  about  100°. 


Pyridine  Bases. 

There  are  several  nitrogeneous  substances  which  have  the 
same  composition  as  aniline  and  its  homologues,  but  which  are 
different  from  them.  They  do  not  contain  the  benzene 
nucleus,  and  the  lowest  member  of  the  series  has  less  than  six 
carbon  atoms.    They  occur  in  coal-tar  and  in  animal  oil  (Dip- 


314 


PYRIDINE  BASES. 


pel's  oil),  and  are  formed  by  the  decomposition  of  the  alka- 
loids. Some  of  them  have  been  produced  artifically.  The 
nitrogen  in  them  is  bound  to  the  carbon  by  three  bonds,  so 
that  they  may  be  considered  as  nitrile-bases,  while  aniline  and 
its  homologues  are  amido-bases.    At  present  there  are  known 

Pyridine,  C  5  H  6  N 

Picoline,     C6H,]Sr   Methylpyridine,         (isomeric  with 

aniline) 

Lutidine,    C,H9N  Dimethypyridine,       (isomeric  with 

toluidine) 

Collidine,    CgHj  XN  Trimethylpyridine,     (isomeric  with 

xylidine) 

Parvoline,  CgHj  3N  Tetramethyl pyridine,  (isomeric  with 

cumidine) 

Picoline  and  collidine  have  been  produced  artificially. 
Picoline  is  formed  by  heating  the  comnound  of  acrole'in-ammonia, 
2  C3H4O  .  NH3 : 


Picoline  is  also  obtained  by  heating  allyl  tribromide,  C3H5Br3,  with 
ammonia  : 


The  reaction  takes  place  in  two  steps.    At  first,  dibromnllylamine, 


C3H4Br  >N,  is  formed,  which  then  yields  picoline  by  the  elimination  of 


2  HBr.    We  can  therefore  easily  understand  the  constitution  of  picoline. 


C6HB0, .  NH3  =  C6H7N  +  2  HaO. 


2  C3H5Br3  +  NH3  =  C6H7N  +  6  HBr. 


CH=CH~CH 
1  11 

CH^C  N 


CH; 


Pyridine  is,  hence,  constituted  analogously  to  benzene 
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A 

ii  i 

HC  CH 

i.e.  it  is  a  benzene-ring  in  which  a  CH-group  is  replaced  by  an  N.  The 
other  bases  of  this  series  are  homologues  of  pyridine,  picoline  being 
methylpyridine,  etc. 

Ethylidene  chloride  and  ammonia  yield  colli  dine  : 

4  CH3-CHC12  +  NH3  =  C8H1(!N  +  8  HC1. 

All  of  these  substances  are  liquid,  and  have  a  peculiar  and 
penetrating  odor  and  a  bitter  taste.  They  are  volatile  without 
decomposition,  and  possess  basic  properties,  i.e.  they  unite  like 
ammonia  directly  with  acids  to  form  salts.  The  lower  mem- 
bers are  miscible  with  water,  the  higher  ones  are  soluble 
in  it.  The  isomeric  relations  which  exist  in  the  benzene 
derivatives,  also  appear  in  the  pyridine  derivatives.  From  the 
formula  of  pyridine  we  see  that  there  are  three  methylpyri- 
dines  (picolines)  possible  (they  are  all  three  known).  The 
number  of  isomers  in  the  higher  homologues  is,  of  course, 
greater. 

The  pyridine  bases  have  lately  acquired  a  greater  interest, 
as  they  have  been  found  to  constitute  the  basis  of  the  more 
important  alkaloids.  By  oxidation  of  pyridine  as  well  as  of 
the  alkaloids,  pyridine-carboxylic  acids, 

C5H4N-C02H,  C5H3N(C08H)2,  etc., 
are  formed. 

There  are  a  number  of  other  bases  found  in  coal-tar,  which 
are  related  to  the  pyridine  bases,  viz.  : 

Quinoline,  C9H7N 
Lepidine,     C 1 0  H  9  N 
Cryptidine,  C , ,  H 1 1 N. 

They  are  obtained  by  the  decomposition  of  quinine,  strych- 
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nine,  etc.  Quinoline  stands  to  pyridine  in  the  same  relation 
as  naphthalene  to  benzene  : 

Pyridine  :  Quinoline : 

H  H  H 

/\  yc\/°\ 

HO      CH  HO       C  CH 

HC      CH  HO       6  OH 

H 

We  see  from  the  above  figure  that  in  the  quinoline  bases  the 
nitrogen  has  no  replaceable  hydrogen.  They  are  oils  insoluble 
in  water. 

Quinoline  is  produced  synthetically  when  nitrobenzene  or 
aniline  is  heated  with  glycerol  and  sulphuric  acid  : 

C6H5NOs  +  C3H803  =  C9H,N  +  H20  +  02 
06H5NH3  +  C3H803  =  C9H7N  +  H30  +  Ha. 

A  similar  constitution  may  be  ascribed  to  another  class  of  bodies  whose 
chief  representative  is  pyrrole,  C4H5N,  which  is  obtained  by  the  dry  dis- 
tillation of  nitrogenous  substances  (coal,  bones,  etc.).  Pyrrole  is  a  color- 
less liquid  with  an  odor  like  chloroform.  It  is  insoluble  in  water  and 
soluble  in  acids.  It  is,  however,  not  properly  a  base,  for  it  can  be  entirely 
removed  from  its  solution  in  an  acid  by  boiling.  It  colors  a  splinter  of 
pine,  moistened  with  chlorhydric  acid,  purplish-red,  and  may  be  thus 
detected.  Pyrrole  acquires  easily  a  brown  color,  and  an  amorphous  red 
substance  separates,  which  is  called  pyrrole-red,  Ci2Hi4N30, 

The  constitution  of  pyrrole  is  probably 


CH=CH\ 
CH=CH 


^>NH. 


It  is  also  formed  by  the  distillation  of  ammonium  mucate  : 
CcHaOB-N'H1  =  C,H5N  +  2  C02  +  4  H20. 


By  the  distillation  of  mucio  acid  by  itself,  pyromucic  acid,  C15H403,  is 
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obtained.  This  acid  is  also  formed  by  boiling  furfurole  with  moist  silver 
oxide.  It  is  a  monobasic  acid.  Its  ammonium  salt  yields  pyrrole  on 
heating.    Its  constitution  is  perhaps  : 

COOH 

CH"C\ 
ii      i  >0 
CWC/ 
i 

H 

On  distilling  pyromucic  acid  with  an  excess  of  soda-lime,  carbonic  acid 
splits  off,  and  tetrol,  or  tetraphenol,  C4H40,  is  obtained.  It  is  a  colorless 
liquid  boiling  at  32°,  and  has  a  peculiar  odor. 

The  aldehyde  of  pyromucic  acid  is  known  under  the  name  furfurole, 
C5H40.  It  is  obtained  by  the  distillation  of  clover,  meal,  sawdust,  etc. 
with  dilute  sulphuric  acid.  It  unites  with  the  acid  sulphites  of  the 
alkalis,  and,  on  boiling  w  ith  silver  oxide,  is  converted  into  pyromucic  acid. 
Its  constitution  is  hence  : 

CHO 

CH=C\ 

CH=C/ 
i 

H 


Alkaloids. 

We  now  come  to  a  large  class  of  very  important  nitrogenous 
substances  which  occur  in  many  plants,  and  which,  on  ac- 
count of  their  energetic  action  on  the  organism,  have  numerous 
uses.  They  all  possess  basic  properties,  and  are  hence  called 
in  a  limited  sense,  organic  bases,  or  alkaloids.  Their  consti- 
tution is  in  most  cases  not  yet  understood,  but  the  majority 
of  them  seem  to  be  derivatives  of  the  pyridine  bases. 

The  alkaloids  are  all  practically  insoluble  in  water,  but  give 
soluble  salts  with  acids.  They  are  set  free  from  the  solutions 
of  their  salts  by  alkalis  and  alkaline  carbonates,  being  precipi- 
tated as  free  alkaloids.  Tartaric  acid  hinders  the  precipita- 
tion of  the  alkaloids  with  the  exception  of  strychnine,  narco- 
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tine  and  cinchonine.  They  arc  all  soluble  in  alcohol,  but  not 
all  in  ether.  They  are  precipitated  from  solutions  of  their 
salts  by  tannic  acid,  potassium  mercuric  iodide,  potassium 
cadmium  iodide,  phosphomolybdic  acid,  phosphotungstic  acid, 
and  metatungstic  acid. 

They  are  obtained  by  extracting  the  pulverized  plants  with  acidified 
water,  and  when  the  alkaloid  is  volatile,  distilling,  after  the  addition  of  an 
alkali.  If  the  base  is  not  volatile,  which  is  generally  the  case,  the  base 
is  precipitated  with  an  alkali.  The  precipitated  alkaloid  is  purified  by 
again  dissolving  in  an  acid,  recrystallizing  the  salt,  and  reprecipitation  by 
an  alkali. 

Some  alkaloids  contain  only  carbon,  hydrogen,  and  nitrogen, 
while  others  also  contain  oxygen.  The  former  are  liquid  at 
ordinary  temperatures,  the  others  mostly  solid  and  crystal- 
line. 

Conine,  C8Hj  5N,  exists  already  formed  in  the  hemlock  (Co- 
nium  maculatum),  and  is  obtained  from  the  seeds  by  distilla- 
tion with  water.  It  is  a  colorless  liquid  with  a  stupefying 
odor,  boiling  at  168°.  It  possesses  extremely  poisonous  prop- 
erties. It  dissolves  in  100  parts  of  water,  and  in  the  cold 
dissolves  some  water,  but  not  when  warm.  Moist  conine  for 
this  reason  becomes  turbid  when  warmed,  even  the  warmth 
of  the  hand  affecting  it.  Its  aqueous  solution  reacts  strongly 
alkaline,  and  completely  neutralizes  strong  acids.  It  becomes 
brown  and  thick  when  exposed  to  the  light,  decomposing  with 
evolution  of  ammonia.  Oxidizing  agents  convert  it  into 
butyric  acid,  C4H802.  It  coagulates  a  solution  of  albumin. 
Dry  chlorhydric  acid  gas  colors  it  at  first  purplish-red  and 
then  deep  blue. 

It  absorbs  nitrous  acid  gas.  Conine  saturated  with  nitrous  acid 
gas,  when  treated  with  water,  yields  azoconhydrine,  C»HioNaO,  which 
separates  as  a  bright-yellow  oil,  and  by  the  action  of  phosphoric  anhydride 
is  converted  into  water,  nitrogen,  and  conylene,  CkHm. 

Conine  has  not  yet  been  produced  artificially,  but  a  com- 
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pound  isomeric  with  it  and  resembling  it  very  much,  paraco- 
nine, is  obtained  by  the  action  of  ammonia  on  butylaldehyde. 

Normal  butyl  aldehyde  unites  with  two  molecules  of  ammonia,  form- 
ing C^H.O  .  NH3and  C.H.oO, .  NH3.  The  latter  yields  on  dry  distillation 
paraconine,  water  being  eliminated  : 


The  compound,  CBHiC02  .  NH3,  dibutyraldine,  possesses  the  constitu- 
tion : 


Conine  is  an  amido-base.  The  H  of  the  NH-group  can  be 
replaced  by  hydrocarbon  rests  (CH3,  C2H5,  etc.)  and  the  re- 
sulting bases  unite  with  acids,  forming  salts,  and  with  chlo- 
rides, bromides,  etc.,  producing  ammonium  compounds. 

Standing  between  conine  and  dibutyraldine,  is  conhydrine, 
CgH^NO,  which  is  also  contained  in  the  seeds  of  the  hem- 
lock. It  crystallizes  in  mother-of-pearl  leaflets  fusing  at  121° 
and  boiling  at  240°.    It  possesses  weak  basic  properties. 

Nicotine,  C10H14N2.  This  base  is  found  in  the  leaves  of 
the  tobacco,  and  is  obtained  from  them  by  extraction  with 
dilute  sulphuric  acid.  The  different  kinds  of  tobacco  con- 
tain varying  amounts  of  nicotine,  ordinary  tobacco  containing 
from  7-8fc,  while  the  finest  Havana  tobacco  contains  less 
than  2$.  Nicotine  is  a  colorless  liquid  with  a  penetrating 
odor  of  tobacco  and  a  burning  taste.  It  boils  at  250°  with 
partial  decomposition.  It  is  easily  soluble  in  water,  alcohol, 
and  ether.  On  exposure  to  the  air  it  turns  brown.  It  is  very 
poisonous.  It  is  a  di-valent  tertiary  base,  its  nitrogen  con- 
taining, therefore,  no  substitutable  hydrogen. 


C„H1C02 .  NH3  =  C«H15N  -f  2  H20. 


CH3-CH.rCH.rCH< 


< 


OH 
NH. 


The  constitution  of  paraconine  is  probably  : 

CH3-CH2-CH=CH\ 
CH3"CH2-CH3-CH/> 
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On  oxidation  it  is  converted  ~  into  nicotinic  acid  (pyridm- 
carboxylic  acid),  C6H5N02  =  C5H4N-COOH.  This  acid 
fuses  at  224°,  and  crystallizes  in  needles.  Its  constitution  is 
unknown. 

Sparteine,  Ct  5H36N2,  occurs  in  Spartium  scoparium.  It  is 
a  thick,  colorless  oil  with  a  bitter  taste,  and  boils  at  288°.  It 
is  a  di-valent  tertiary  base. 

The  constitutions  of  the  alkaloids  containing  oxygen  are 
very  complicated,  and  have  been  still  less  investigated  than 
the  preceding.  In  a  few,  it  has  been  proved  that  the  oxygen 
exists  in  the  form  of  hydroxyl  or  CO. 

Opium  Bases.  By  making  incisions  in  the  green  seed-cap- 
sules of  the  poppy  (Papaver  somniferum)  a  white,  milky  sap  is 
obtained,  which,  when  dried,  constitutes  opium.  Opium  con- 
tains a  large  number  of  alkaloids,  of  which  we  can  consider 
but  a  few  of  the  more  prominent.  The  most  important  alkaloid 
in  opium  is  morphine,  and  the  value  of  the  opium  is  estimated 
by  the  amount  of  this  base  that  it  contains. 

Opium  bases  :     Morphine  CnH|9N03 

Codeine  C,hHa,NO, 

Codamine  C.,0H2aNO4 

Laudanine  C20H25NO4 
Pseudomorphine  CnH19N04 

Thebaine  C19H21NO3  [ 

Thebenine  C,8H21N03  i"  180  6 

Protopine  C20H,9NO5 

Papaverine  C21H21NO4 

Deuteropine  C20H21NO5 

Cryptopine  C21H03NO5 

Meeonidine  CsiH2sN04 

Laudanosine  C2iH27N04 

Rhoeadine  ^g^n"  [  isomeric 

Rhoeagenme  U 2 1 H  2 1 JN  Oc, ) 

Narcotine  C22H23N07 

Narceine  CmH^NO,  [rine  ?) 

Lanthopine  CiaHssNO,  (homologous  with  papave- 

Morphine,  C,  ^  9N03.    On  boiling  opium  with  water,  the 


OPIUM  BASES. 


321 


morphine  goes  into  solution  in  combination  with  certain  acids 
(particularly  meconic  acid).  From  this  solution,  it  is  pre- 
cipitated, after  neutralizing  a  part  of  the  acids  with  milk  of 
lime,  by  ammonium  chloride. 

Morphine  is  precipitated  by  a  solution  of  lime,  but  is  redissolved  by  an 
excess.  It  behaves  in  the  same  manner  with  alkalis.  In  ammonia,  how- 
ever it  is  insoluble. 

In  cold  water  and  ether  it  is  almost  insoluble.  It  dissolves 
in  500  parts  of  boiling  Avater  and  in  40  parts  of  alcohol.  It 
crystallizes  in  glittering,  colorless,  rhombic  crystals  containing 
a  molecule  of  water,  which  it  loses  on  fusion.  On  stronger 
heating,  it  carbonizes. 

A  solution  of  morphine  turns  the  ray  of  polarized  light  to 
the  left. 

It  is  a  strong  base,  and  its  salts  are  soluble  in  alcohol  and 
water.  The  hydrochloride,  Gt  ,11;  9N03  .  HC1  +  3  H20,  ace- 
fate,  Cj  7H,  glSTOgCg  .  H402  -|-H20,  and  sulphate, 

(C17H19N03)2  .  H2S04  +  5H20, 

are  worthy  of  mention.    They  all  crystallize  in  fine  needles. 

Morphine  salts,  when  treated  with  nitric  acid,  turn  first  red 
and  then  yellow.  Ferric  chloride  colors  them  deep  blue.  A 
solution  of  morphine  in  a  little  concentrated  sulphuric  acid 
is  colored  violet  on  the  addition  of  sulphuric  acid  containing 
nitric  acid. 

The  nitrogen  in  morphine  does  not  bind  any  substitutable 
hydrogen.    It  is  hence  a  nitrile  base. 

By  heating  morphine  a  considerable  time  with  fuming  chlor- 
hydric  acid,  it  is  converted  into  apomor phi 'ne,  Ct  ,Hj  7N02. 
Apomorphine  is  a  white  powder  which,  on  exposure  to  the  air, 
becomes  quickly  colored  green.    It  is  a  powerful  emetic. 

Codeine,  C18H21N03,  is  homologous  with  morphine.  It 
crystallizes  with  one  molecule  of  water,  is  somewhat  soluble  in 
21 
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water,  and  fuses  at  150°.  At  a  higher  temperature  it  is 
decomposed.  Chlorine,  bromine,  and  iodine  yield  substitu- 
tion products.    It  is  also  a  nitrile  base. 

Narcotine,  C22H23NO,,,  crystallizes  in  rhombic  prisms  fus- 
ing at  176°.  It  is  almost  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether.  It  is  a  weak  base,  its  salts  being  decom- 
posed by  boiling  with  water. 

On  heating  with  chlor-,  or  iodohydric  acid,  narcotine  loses  successively 
three  methyl-groups.  On  heating  with  water,  it  breaks  into  cotarnine, 
C12H13NO3,  and  meconine,  Ci0H10O4,  and  by  heating  with  dilute  nitric 
acid,  into  cotarnine,  opianic  acid,  Ci0Hi0O5,  and  hemipinic  acidt 
CioHioOfs : 

C22H23NO,  =  C12H13N03  +  C,0HluO4, 
C22H23N07  +  O  =  C12H13N03  +  C10H10O5,  etc. 

Hemipinic  acid  is  decomposed  by  iodohydric  acid  into  methyl  iodide, 
carbonic  acid,  and  protocatechuic  acid,  C7H604  : 

CoH.oOb  +  2  HI  =  2  CHJ  +  COa  +  CH0O4. 

The    constitution    of    hemipinic    acid    is,  CnH2(C02H)2(0CH3)2. 

<riooir 
QUO  '  an<* 

meconine  is  the  internal  anhydride  of  the  alcohol  derived  from  opianic 


The  opium-bases  are  chiefly  combined  in  opium  with  a 
peculiar  acid  called  meconic  acid,  C7H407,  which  crystallizes 
with3H20  in  colorless,  rhombic  tablets  difficultly  soluble  in 
cold  water,  more  easily  in  hot,  easily  in  alcohol.  It  is  char- 
acterized by  giving  a  deep  red  solution  with  ferric  chloride. 
On  continued  boiling  with  hot  water,  or  dilute  chlorhydric 
acid,  it  breaks  into  carbonic  acid  and  comenic  acid,  06H405. 
The  latter  forms  hard,  difficultly  soluble  grains,  and  by  dis- 
tillation falls  into  carbonic  acid  and  pyromeconic  acid, 
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Cinchona  Bases.  The  following  important  alkaloids  are  found 
in  the  bark  of  the  cinchona  tree  : 


Quinine  and  quinidine  are  distinguished  from  the  other  two 
by  their  greater  solubility  in  ether,  and  also  by  giving  with 
chlorine  water  and  ammonia  a  green  solution.  The  most  im- 
portant of  them  is  cpiinine. 

Quinine,  C20H24N3O2,  is  extracted  from  the  cinchona  bark 
by  dilute  sulphuric  acid.  The  acid  solution  is  precipitated 
with  sodium  carbonate  and  purified  by  crystallizing  from  alco- 
hol or  ether.  It  crystallizes  with  3  H20  in  silky  needles.  It 
is  difficultly  soluble  in  water.  With  acids,  it- gives  two  series 
of  salts.  The  hydrochloride  and  sulphate  are  used  medici- 
nally. 

Quinine  Hydrochloride,  C2oH24N2Oa .  HC1  -f-  2  II20,  forms  white,  silky 
needles  soluble  in  20  parts  of  water. 

Quinine  Sulphate,  (C20H24N2O2)2 .  H2S04  +  8  H20,  crystallizes  in  large 
glittering  needles  which  effloresce  in  the  air,  and  gradually  fall  to  a  white 
powder,  losing  6  molecules  of  water  of  crystallization.  It  is  soluble  in 
800  parts  of  cold  water,  but  easily  in  hot  water  and  alcohol. 

Quinine  Acid  Sulphate,  O20H24N2O2 .  H2S04  +  7  H20,  crystallizes  in 
glittering  needles,  efflorescing  in  the  air.  They  arc  soluble  in  10  parts  of 
water,  and  the  aqueous  solution  possesses  a  strong  blue  fluorescence. 

Quinine  Valerianate,  CJnH,  JST202 .  C,H,„0.  -f-  H.O,  is  formed  by  the 
neutralization  of  an  alcoholic  quinine  solution,  with  valerianic  acid.  Col- 
orless crystals  with  a  bitter  taste  and  the  odor  of  valerianic  acid. 

Quinin;  Tannate,  is  a  yellow  amorphous  precipitate  produced  by 
adding  a  solution  of  tannic  acid  to  solutions  of  quinine  salts.  It  has  a 
peculiar  odor  and  a  bitter  astringent  taste.  It  is  almost  insoluble  in  water 
and  vsry  difficultly  in  alcohol. 

Quinine  is  a  nitrile  base.  It  polarizes  to  the  left.  When 
heated  with  potassa-lye  it  yields  quinoline  and  its  homologucs, 


Quinine 
Quinidine 
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which  are  isomeric,  but  not  identical,  with  those  obtained  from 
coal-tar  and  Dippel's-oil. 

By  oxidation  with  potassium  permanganate,  pyr  idin-tricar- 
boxylic  acidis  obtained,  C8H6N06  =  CeH8N(C08H)3,  which 
on  heating  breaks  into  carbonic  acid  and  pyridin-dicarboxylic 
acid,  C7H3N04,  fusing  at  254°. 

Quinine  is  used  in  medicine  as  an  antifebrile  agent.  The 
green  color  which  it  forms  with  ammonia  and  chlorine  water 
is  characteristic  of  it. 

In  most  cinchona  barks,  there  is  found  besides  quinine, 
Cinchonine,  C19H22N20,  which  has  properties  similar  to 
those  of  quinine,  although  it  is  not  so  strong  an  antifebrile. 
It  forms  white,  glittering,  odorless  prisms,  with  a  bitter  taste, 
which  at  first  is  hardly  perceptible.  It  is  difficultly  soluble  in 
water.  On  oxidation,  it  yields  cinchoninic  acid  (quinoline-car- 
boxylic  acid),  C8lSr5H06,  and  pyridine-tricarboxylic  acid, 
C8N5N06.    The  following  salt  is  worthy  of  mention  : 

Cinclwnine  Sulphate,  (Q1 9H23N20)2  .  H2S04  +  2  II20, 
forms  white  glittering  crystals,  somewhat  soluble  in  water. 

Many  quinine  barks  contain  also  quinidine  and  cinchonidine. 
Quinidine,  C20H24N2O2,  crystallizes  with  2H20,  and  polar- 
izes to  the  right.  It  is  also  a  nitrile  base.  Cinchonidine, 
Cj  9H22N20,  forms  anhydrous  crystals.  It  solutions  polarize 
to  the  left.    It  is  also  used  as  an  antifebrile. 

Two  alkaloids  occur  in  the  cusco  chinchona-barks,  viz.,  Cus- 
conine  and  Aricine,  both  having  the  formula,  C23H26N204. 

The  sulphate  of  the  former  is  a  characteristic  salt,  forming 
a  gelatinous  precipitate  almost  insoluble  in  water.  The  acid 
oxalate  of  aricine  is  also  characteristic.  It  crystallizes  in 
white  prisms  which  after  a  short  time  change  into  rhombohe- 
drons  very  difficultly  soluble  in  water.  Both  alkaloids  polar- 
ize to  the  left. 

In  tha  cinchona  barks  an  acid,  quinic  acid,  C7Hi20n,  occurs,  which  is 
combined  partly  with  the  alkaloids  and  partly  with  calcium.  It  is  mono- 
basic, and  hence  contains  only  one  carboxyl  group,  and  belongs  to  the 
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aromatic  series.  It  is  derived  from  a  completely  reduced  benzene  mole- 
cule (CcHi2),  C6H;(OH.)4COOH.  It  forms  colorless  rhombic  prisms  easily- 
soluble  in  water,  and  j  olarizing  to  the  left.  On  oxidation  it  yields 
quinone,  and  on  reduction  benzoic  acid.  On  fusion  with  potassium  hy- 
droxide, it  affords  protocatechuic  acid,  C7H604. 

The  cinchona  barks  (and  the  tormentillo  root)  contain  besides  chinovic 
acid,  C24H3!.04,  a  glucoside,  chinovin,  C3oH4eOt,,  which  is  decomposed  by 
acids  into  a  sugar,  CGH1206,  and  chinovic  acid.  In  them  is  also  found 
a  peculiar  tannic  acid  called,  quinotannic  acid,  which  gives  a  green  pre- 
cipitate with  ferric  salts,  and  is  converted  by  the  oxygen  of  the  air  into 
a  red  coloring  matter,  cinchona-red. 

Strychnine  and  brucine  are  found  in  the  seeds  of  the 
Strychnos  nux  vomica,  the  beans  of  the  St.  Ignatius-bean, 
(Strychnos  ignatii)  and  in  snake-wood  (roots  of  the  Strychnos 
colubria). 

Strychnine,  C21H33N303,  is  obtained  by  extracting  theBar- 
badoes-nuts,  or  Ignatius-beans  with  boiling  alcohol,  and  after 
throwing  down  the  impurities  with  lead  oxide,  precipitating 
the  strychnine  and  brucine  with  magnesia,  and  separating  the 
strychnine  by  cold  alcohol,  in  which  the  brucine  is  alone  solu- 
ble. Strychnine  crystallizes  in  colorless,  rhombic  columns 
which  taste  very  bitter,  are  almost  insoluble  in  water,  absolute 
alcohol,  and  ether,  but  are  easily  soluble  in  ordinary  alcohol. 

It  is  colored  violet-blue  by  potassium  chromate  and  sul- 
phuric acid.  Nitric  acid  does  not  color  it  when  free  from 
brucine.  It  is  a  nitrile  base,  and  unites  with  acids  to  form 
salts. 

It  is  extremely  poisonous,  causing  tetanus  even  in  small 
doses.    It  is  used  in  medicine. 

Strychnine  Nitrate,  C21H33N202 .  HN03,  forms  colorless, 
silky  needles  with  an  extremely  bitter  taste,  but  little  soluble 
in  water  and  cold  alcohol,  more  easily  in  hot  alcohol. 

Brucine,  C2  3H2  6lSr304,  crystallizes  with  four  molecules  of 
water  in  four-sided  prisms  which  effloresce  when  exposed  to 
the  air.    It  tastes  very  bitter,  is  difficultly  soluble  in  water, 
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insoluble  in  ether,  but  easily  in  alcohol.  Nitric  acid  colors  it 
red,  giving  a  solution  from  which  stannous  chloride  precipi- 
tates a  violet  substance. 

Its  physiological  action  is  less  violent  than  that  of  strych- 
nine. It  is  converted  into  strychnine  by  oxidation  with  dilute 
nitric  acid  : 

C23H26N204  +40  =  C21H22N202  +  2  C02  +  2  H20. 

Atropine,  Cj  ,II2  3N03,  is  found  in  the  berries  of  the 
deadly  nightshade  {Atropa  belladonna)  and  in  the  thorn-apple 
{Datura  stramonium).  It  crystallizes  in  thin  needles  which 
are  easily  soluble  in  alcohol,  very  difficultly  in  water  and 
ether.  It  fuses  at  115°,  and  is  decomposed  at  a  high  temper- 
ature. It  tastes  intensely  bitter,  is  very  poisonous,  and  passes 
unchanged  into  the  urine.  It  possesses  the  peculiar  property 
of  dilating  the  pupil  very  strongly,  and  is  hence  used  in  treat- 
ment of  the  eye.    Its  salts  do  not  crystallize. 

On  boiling  with  strong  bases  or  acids,  it  is  decomposed 
into  tr opine,  C8H15NO,  and  tropic  acid,  C9H10O3  : 

0„HigNO,  +  H20  =  C8H15NO  +  C9H10O3. 

On  the  other  hand,  tropine  and  tropic  acid,  when  heated 
for  a  considerable  time  with  very  dilute  chlorhydric  acid  at 
100°,  are  converted  into  atropine. 

Atropine  sulphate,  (C,7H23N03)2 .  H2S04,  is  a  white,  bitter  powder, 
very  easily  soluble  in  water  and  alcohol. 

Hyoscyamine,  Cj  ,H23N"03,  is  the  active  principle  of  hen- 
bane {Hyoscyamus  niger).  It  crystallizes  in  soft,  silky  needles 
soluble  in  alcohol,  water,  and  ether.  It  fuses  at  90°,  and 
dilates  the  pupils.  It  possesses  a  sharp,  offensive  taste.  When 
pure,  it  is  odorless,  but  when  impure  has  a  strong  offensive 
and  stupefying  odor. 

On  boiling  with  acids  or  strong  bases,  it  breaks  into  tropine,  C8H1£,N0, 
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and  tropic  acid,  C<,H10O3,  yielding  the  same  decomposition-products  as 
atropine. 

Aconitine,  C30H47NO7,  exists  in  the  purple  monk's-hood 
{Aconitum  napellus)  and  forms  a  colorless  powder  Avithout 
odor  and  with  a  bitter  taste,  causing  a  roughness  in  the  throat. 
It  is  difficultly  soluble  in  water,  easily  in  alcohol. 

Veratrine,  C33H49N09(?),  is  found  in  the  seeds  of  the  saba- 
dilla  {Veratrum  sabadilla)  and,  with  jer  vine,  in  the  roots  of 
the  white  hellebore  (  Veratrum  album).  It  is  extracted  with 
dilute  chlorhydric  acid.  It  crystallizes  in  rhombic  prisms 
which  effloresce  in  the  air,  fuse  at  205°,  are  insoluble  in  water 
and  easily  soluble  in  alcohol  and  ether.  It  is  very  poisonous; 
the  smallest  amount  brought  in  the  nose,  causes  the  most 
violent  sneezing.  Concentrated  sulphuric  acid  colors  it  first 
yellow  and  then  carmine-red.  With  concentrated  nitric  acid, 
it  yields  a  dark  violet  solution  on  the  surface  of  which  drops 
of  oil  are  formed.    It  forms  crystalline  salts. 

Jervine,  C30H46]Sr3O3  -f  2  H30,  is  found,  together  with 
veratrine,  in  the  roots  of  the  white  hellebore.  It  forms  color- 
less prisms  insoluble  in  water.  With  acids,  it  forms  salts, 
most  of  which  are  very  difficultly  crystallizable. 

Berberine,  C2  jH,  ,N04,  exists  in  the  roots  of  the  Berberis 
vulgaris.  It  crystallizes  with  five  molecules  of  water  in  fine 
yellow  needles  which  lose  their  hydrate- water  at  100°,  fuse  at 
120°  and  decompose  at  a  higher  temperature.  It  is  insoluble 
in  water.  Nascent  hydrogen  converts  it  into  hydroberberine, 
C30H31NO4. 

Piperine,'Gi  ,IIj  9N03,  is  extracted  from  pepper  by  boiling 
with  alcohol.  Alkalis  decompose  it  into  piper  in  ic  acid, 
C13H10O4,  and  piper idine,  CglT^N. 

C„H19N03  +  H,0  =  C18H10O4  +  0,HnN-. 

Piperine  forms  colorless  columns  fusing  at  100°,  insoluble 
in  water,  easily  soluble  in  alcohol  and  ether.    Piperinic  acid, 
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^1 2Hi  o°4>  a  bright-yellow,  crystalline  substance  insoluble  in 
water,  yielding  protocatechuic  acid,  C,H804,  on  fusion  with 
potassium  hydroxide.  Piper  Mine,  0§RX1$,  is  a  colorless, 
Btrongly  alkaline  liquid  boiling  at  106°,  and  forming  well 
crystallizing  salts.  The  nitrogen  of  piperidine  binds  a  sub- 
stitutable  atom  of  hydrogen,  showing  it  to  be  an  imido-base. 
Methylpiperidine,  C6H10N"CH3,  ethylpiperidine,  benzoylpi- 
peridine,  etc.,  have  also  been  obtained.  On  heating  with 
bromine,  dibromoxy pyridine,  C5H3NBr20,  is  formed. 
The  constitution  of  piperine  is 

CiH10-N-CO-C4H4-C6H3<^^CHs, 

and  of  piperidine 

gh<ch;:ch1>h- 

It  is  hence  hexahydropyridin. 

Besides  the  alkaloids  which  liave  been  mentioned  above, 
there  is  a  great  number  of  others,  of  which  we  shall  only  men- 
tion the  following. 

Eserine,  or  physostigmine,  C15H21N302,  occurs  in  the 
Calabar-bean,  and  is  an  intensely  poisonous  substance.  It 
causes  a  contraction  of  the  pupils.  It  is  easily  soluble  in 
alcohol  and  ether,  its  solution  decomposing  very  easily  when 
exposed  to  the  air. 

Sinapine,  C16H23N06,  exists  as  sulphocyanate  in  the  seeds 
of  the  white  mustard.  The  free  base,  owing  to  its  instability, 
has  not  been  obtained.  The  sulphocyanate  forms  fine  needles 
fusing  at  130°.  On  boiling  with  an  alkali,  it  is  decomposed 
into  neurine,  C5H15N02,  and  sinapic  acid,  C^H^O^ 

Lycine,  C6H,,N"02,  is  found  in  the  leaves  of  Lycium 
barbarum. 

Curarine,  C10H16N",  exists  in  curare,  the  Indian  arrow 
poison. 

Harmaline,  C13HuN20  >  intheseedsof  Peganumliarmala. 

tiarmme,  C13H12JN20) 

Cocaine,  C,  7H2,N04,  in  the  leaves  of  the  cocoa. 
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Colchicine,  C17HI9U"06,  is  obtained  from  the  seeds  of  the 
Colchicum  atitumnale,  and  is  an  amorphous  powder  which  acts 
as  a  powerful  emetic. 

Corydaline,  C18H19N04,  is  contained  in  the  seeds  of  the 
Bulbocapnus  cavus. 

Chelidonine,  C19H1,N04,  is  extracted  from  the  roots  of 
the  Chelidonium  majus. 

Emetine,  C30H46N2O„  exists  in  the  ipecacuanha  root 
(Radix  ipecacuanha).  It  is  a  white,  easily  decomposable 
powder,  fusing  at  70°.    It  is  a  strong  emetic. 

Sola/line,  C43H71N"01 6,  is  contained  in  the  germs  of  the 
potato.  It  forms  colorless  needles  with  a  bitter  taste,  diffi- 
cultly soluble  in  water,  and  fusing  at  235°.  By  boiling  with 
dilute  acids,  it  splits  into  sugar  and  solanidine,  C25H41]NrO, 
which  forms  fine,  silky  needles,  fusing  at  over  200°.  It  yields 
difficultly  soluble,  finely  crystallizable  salts. 


Glucosides. 

It  has  already  been  stated  (p.  163)  that  the  glucosides  are 
substances  occurring  in  plants,  and  are  compounds  of  a 
sugar  (usually  dextrose)  with  other  bodies,  and  are  decom- 
posed by  the  action  of  ferments,  acids,  and  alkalis  into  their 
constituents.  Since  plants  generally  contain  these  ferments, 
this  decomposition  of  the  glucosides  takes  place  when  the 
plants  are  allowed  to  remain  for  a  length  of  time  in  contact 
with  water.  We  have  -already  met  with  a  number  of  gluco- 
sides, e.g.  indican,  which  is  a  compound  of  indigo  with  dex- 
trose, ruberythic  acid,  a  compound  of  dextrose  with  alizarine, 
franguline,  etc. 

Amygdalin,  C20Hg,jNOj  1?  occurs  in  the  bitter  almonds, 
the  leaves  of  the  laurel,  and  the  kernels  of  cherries,  apricots, 
peaches,  etc.  It  is  obtained  from  bitter  almonds  (previously 
freed  from  fat),  by  boiling  with  alcohol.  It  forms  small,  glit- 
tering scales,  which  are  odorless,  and  possess  a  weak,  bitter 
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taste.  It  is  converted  by  dilute  acids,  or  by  the  ferment,  Emul- 
sin,  which  is  contained  in  the  almond,  into  dextrose,  cyan- 
hydric  acid,  and  benzaldehyde  : 

CgoH^NOn  +  2H20  =2C6H1206  +HCN+  C7H60. 

On  boiling  with  alkalis,  it  evolves  ammonia  and  is  decomposed 
into  amygdalic  acid,  C20H38O13,  the  CN-group  being  con- 
verted into  COOH. 

Salicin,  Gt  jHj  807,  occurs  in  the  bark  of  the  willow  and  of 
numerous  poplars.  It  forms  small,  glittering,  bitter  prisms, 
fusing  at  198°,  and  difficultly  soluble  in  cold  water,  but  easily 
in  hot.  Ferments,  e.g.  emulsin,  decompose  it  into  dextrose 
and  salicylic  alcohol  (saligenin).  By  the  action  of  dilute  acids, 
it  breaks  into  dextrose  and  saleritin,  a  resinous  substance 
arising  from  the  decomposition  of  saligenin  : 

Ci3H1807  +  H20  =  C6H1206  +  C,H808. 

Conifer  in,  Ox  6H3208  +  2  H20,  exists  in  the  cambial  sap 
of  the  conifer cb,  and  separates  on  concentration  to  \  of  its 
volume.  It  forms  glittering,  efflorescent  needles,  fusing  at 
185°,  and  difficultly  soluble  in  cold  water,  more  easily  in  hot 
water  and  alcohol.  It  is  decomposed  by  ferments  into  sugar 
and  coniferyl  alcohol,  Cj  203,  and  by  oxidation  into  sucro- 
vanillic  acid,  C14H809  +  H30,  just  as  coniferyl  alcohol  is 
oxidized  into  vanillin,  C8H803,  and  vanillic  acid,  C8H804 
(methylprotocatechuic  aldehyde  and  methylprotocatechuic 
acid). 

^Esculin,  0\  jHj  609  +  2  H20,  occurs  in  the  horse-chestnut, 
and  forms  fine,  slightly  bitter  prisms,  difficultly  soluble  in  cold 
water  and  alcohol.  Its  solutions  possess  a  blue  fluorescence. 
It  is  decomposed  by  dilute  acids  into  sugar  and  aesculetin, 
C9H604.  JEsculetin,  C9H604  +  H20,  forms  colorless 
needles,  very  difficultly  soluble  in  water  and  alcohol.  On  boil- 
ing with  potassa-lye,  it  is  decomposed  into  oxalic,  formic,  and 
protocatechuic  acids. 
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Daphnin,  which  occurs  in  the  barks  of  various  species  of 
daphnia,  has  the  same  composition  as  sesculin.  With  fer- 
ments and  dilute  acids,  it  yields  daphnetin,  an  isomer  of 
a?sculetin. 

Phloridzin,  C21H240j  0  -\-  2  H20,  exists  in  the  bark  of 
the  roots  of  the  apple,  pear,  cherry,  and  plum  trees.  It  forms 
line,  white,  silky,  glittering,  bitter  prisms,  which  are  easily 
soluble  in  hot  water  and  alcohol.  On  decomposition,  it  yields 
besides  sugar,  phloretin,  C15H1405,  which  crystallizes  in 
small  leaflets,  and  is  decomposed  by  alkalis  into  phloroglucin, 
CGH603,  an&pJiloretic  acid,  C9H10O3. 

Quercitrin,  C36H38O20,  occurs  in  the  bark  of  the  Quercus 
tinctoria,  and  is  a  yellow  powder  difficultly  soluble  in  water. 
With  acids,  it  yields  isodulcite  and  quercetin,  C34H16011. 
The  latter  exists  in  tea  and  in  the  bark  of  the  apple-tree  and 
other  plants.  It  is  a  yellow  powder  subliming  in  yellow 
needles.  It  is  but  little  soluble  in  water,  easily  in  alcohol. 
By  fusing  with  potassium  hydroxide,  it  is  decomposed  into 
phloroglucin  and  quercetinic  acid,  C18H1209,  which  crystal- 
lizes in  small  prisms,  and  is  converted  into  several  other  acids 
by  continued  action  of  potassium  hydroxide. 

Hesperidin,  C2  2H2  gOj  2,  exists  in  unripe  oranges.  It  forms 
fine  needles  fusing  at  245°.  Acids  break  it  into  sugar  and 
hesperitin,  C16H1406,  which  fuses  at  223°,  and  is  decomposed 
by  potassa-lye  into  phloroglucin  and  hesperetinic  acid, 
Ci0H10O4. 

Arhctin,  C2 511340, 4,  exists  in  the  leaves  of  the  arbutus. 
It  crystallizes  in  needles  fusing  at  170°.  It  is  decomposed  by 
emulsin  into  sugar,  quinol,  and  methylquinol. 

Myronic  acid,  JI;  gNSgOj  0,  exists  as  a  potassium  salt  in 
the  seeds  of  the  black  mustard.  It  forms  small,  silky,  glitter- 
ing needles.  It  is  decomposed  by  myrosin,  a  ferment  exist- 
ing in  the  seeds  of  the  mustard,  into  sugar,  mustard-oil,  and 
potassium  hydrogen  sulphate  : 

C10H18KNS2O10  =  C.H^O,  +C,H6-NCS  +  KHS04. 
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Convolvulin,  C31H50O16,  is  found  in  jalap-root.  It  is  an 
amorphous  mass  fusing  at  150°.  Ferments  convert  it  into 
sugar  and  convolvulinol,  C13H3403  +  £  H20.  Jalapin, 
^3  4S56016,  is  found  with  convolvulin  in  the  same  root.  It 
breaks  into  sugar  and  jalap  inol,  C16H30O3  +  £H20. 

Saponin,  C32H54018,  occurs  in  numerous  plants,  particu- 
larly the  soap-root.  It  is  a  white  powder,  the  dust  of  which 
causes  the  most  violent  sneezing.  Its  solution  foams  like  a 
soap  solution,  even  when  greatly  diluted.  It  breaks  into 
sugar  and  Sapogenin,  C14H2203. 

Helleborin,  C36H4206,  exists  in  Helleborus  viridis,  and 
hellebore'in,  C26H44015,  in  Helleborus  niger.  They  both 
crystallize  in  needles,  and  act  as  narcotics.  The  former  de- 
composes into  sugar  and  Hellebores  in,  C30H38O4,  the  latter 
into  sugar  and  helleboretin,  C14H20O3. 

Glycyrrliizin,  exists  in  the  liquorice-root.  It  is  a  white 
powder,  which  is  decomposed  by  acids  into  dextrose  and  gly- 
cyrrlietin,  a  resinous  body. 

Digatalin,  is  the  active  principle  of  Digitalis  purpurea.  It 
forms  small  colorless  crystals  very  slightly  soluble  in  water, 
easily  in  hot  alcohol  and  chloroform.  Dilute  acids  decom- 
pose it  into  sugar  and  digitalretin,  an  amorphous  substance. 
On  warming  with  concentrated  chlorhydric  or  phosphoric 
acid,  it  assumes  a  beautiful  green  color. 


Coloring  Matters. 

Some  of  the  more  important  coloring  matters  occurring  in 
nature,  the  constitution  of  which  is  accurately  known,  as  well 
as  some  of  those  which  have  been  produced  synthetically,  have 
already  been  mentioned,  e.g.,  indigo-blue  and  alizarine.  Color- 
ing matters  are  of  both  vegetable  and  animal  origin.  In  the 
former  case,  they  do  not  usually  exist  already  formed,  but 
united  with  sugar  as  ethers,  and  are  set  free  by  fermentation, 
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and  by  the  action  of  dilute  acids  and  alkalis.  The  substances 
occurring  in  plants  are,  hence,  glucosides,  and  are  called, 
when  the  substance  united  with  the  sugar  is  a  coloring 
matter,  chromogenes. 

The  coloring  matters  all  belong  to  the  aromatic  series. 
They  possess  in  general  weak  acid  properties,  are  soluble  in 
alkalis  with  a  peculiar  color  which  is  not  usually  that  of  the 
free  coloring  matter,  and  form  insoluble  compounds  with 
metallic  oxides,  particularly  with  the  oxides  of  lead,  tin,  iron, 
and  alumina,  as  well  as  with  animal,  and  occasionally  vege- 
table fibres. 

Dyeing  depends  on  the  animal  or  vegetable  fabric,  either 
by  itself  or  inrpregnated  with  a  solution  of  aluminum  acetate, 
lead  oxide,  etc.,  attracting  the  dissolved  coloring  matter  and 
forming  with  it  an  insoluble  compound. 

When  the  dye  deposited  on  the  fibres  is  insoluble  in  acids 
and  alkalis  it  is  called  "fast,"  but  when  acted  on,  it  is  desig- 
nated "not  fast,"  or  "fugitive."  Owing  to  the  different 
degrees  of  solubility  of  the  coloring  matters,  this  classification 
is  naturally  very  imperfect. 

Coloring  matters  are  decomposed  by  oxidizing  agents.  The 
ozone  and  hydrogen  peroxide  of  the  air,  or,  better  still,  chlo- 
rine, decompose  almost  all  coloring  matters,  or  as  it  is  ex- 
pressed, "bleach"  them  (chlorine-bleach,  grass-bleach). 

Sulphurous  acid  bleaches  many  coloring  matters,  particu- 
larly those  of  animal  origin,  forming  with  them  colorless 
compounds,  which,  however,  are  decomposed  by  strong  acids 
(sulphuric  acid)  with  regeneration  of  the  color. 

A  great  number  of  coloring  matters  which  occur  in  nature 
have  been  produced  by  artificial  means,  e.g.,  the  aniline  colors, 
eosine,  naphthalene-yellow,  etc. 

A  series  of  homologous  compounds,  which  are  anhydride  compounds 
of  -  acids,  occur  in  the  lichens.  Most  of  them  yield  on  decomposition 
orcinol,  C7HB02  (see  p.  249),  which  with  ammonia,  forms  lichen-red,  or 
orcein.    The  Rocella  tinctoria  contains  orsellic  acid,  CigIImO?,  the  salts 
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of  which  when  boiled  with  water  yield  orsellinic  acid,  CeH804.  Orsellinic 
acid  decomposes  into  orcinol  C7H002,  and  carbonic  acid. 

As  the  constitution  of  orcinol  is  C«HS  |$h^2'  orsellinic  acid  is  : 

( (OH), 

chJch,  , 

(  COOH 

and  orsellic  acid  is  the  anhydride  of  orsellinic  acid  : 

n/C6H2(C02H)(CH3)OH 
u\C0H,(COJi)(CH3)OH- 

Evernic  acid,  C^H^O,,  occurs  in  the  Evernia  prunastri.  On  boiling 
with  alkalis,  it  breaks  into  evernitiic  acid,  CuH10O4,  and  orsellinic  acid, 
C8Hs04  : 

C17H160,  +  H20  =  C9H10O4  +  C8H804. 

(  OH 

Everninic  acid  has  the  constitution,  C6H2  -j  ch^3'     Evernic  acid  is 


COOH 


hence 


ft/C8H4(COOH)(CHs)(OCHa) 
u\C6H2(COOH)(CH3)(OH)  ■ 


TIsnic  acid,  Hi9C]f,07,  exists  in  numerous  lichens  (cladonia,  evernia, 
parmelia  and  usnea).     Its  last  decomposition-product  is  betaorcinol, 

CbHio02. 

Betaorcinol  is  probably,  C7Hi  jcjj^2-    Usinic  acid  is  hence  : 

n/C7H4(C02H\CH3)(OH) 
u\C7H4(C02H)(CH3)(OH)- 

The  Rocella  fuciformis  contains  erythric  acid,  C2oH22Oio,  which,  on 
boiling  with  alkalis,  splits  into  orsellinic  acid,  C8n804,  and pieroerythrin, 
CiaHieO;.    The  latter  on  continued  boiling  with  alkalis,  is  decomposed 

into  carbonic  acid,  orcinol,  C0H3  j  qj|*K  ano^  erythrol,  (p.  138),  C4H,004. 

Picroerythric  acid  is  hence  the  erythrol  compound  of  orsellinic  acid : 
(  C02H 

C0H2  -j  qjj3         ,  and  erythric  acid  is  therefore  : 
(  0-C4H903 
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n/C,H2(COIHXCH3XO-C4H.  03) 
u\C6H.hCO,HXCH3XOH) 

All  of  the  lichen-acids  (orsellic,  evernic,  usnic,  and  erythric),  except 
evernic  acid,  are  crystalline  compounds.  They  are  colored  red  by  calcium 
hypochlorite,  or  on  exposure  to  the  air  in  presence  of  ammonia.  Orcinol 
is  the  final  product  of  the  action  of  alkalis  on  all  of  them. 

Vulpinic  acid,  CijH1405,  exists  in  Cetraria  vulpina.  On  boiling  with 
barium  hydroxide,  it  is  resolved  into  alphatoluic  acid,  CoHs'CHj-COaH 
(p.  262),  methyl  alcohol  and  oxalic  acid  : 

C19H1405  +  4  H20  =  2  CeH802  +  C2H,04  +  CH40. 

Alphatoluic  Oxalic 
acid  acid 

It  forms  with  alkalis  and  alkaline  earths,  yellow  or  orange-colored 
salts  which  are  soluble  in  water. 

Log-wood  (Hcematoxylon  campechianum)  contains  ha>matoxylin : 
C16HI406  +  3H20, 

which  can  be  extracted  with  water.  It  forms  yellow,  transparent  prisms 
with  a  sweet  taste,  and  soluble  in  alkalis  with  a  purplish-red  color.  Its 
solution  in  ammonia  oxidizes  rapidly  in  the  air,  being  converted  into  the 
ammonium  salt  of  a  red  coloring  matter,  hcumatein,  Ci0Hio05. 

The  solution  becomes  continually  darker  red.  The  haematem  can  be 
precipitated  by  acetic  acid. 

Santalin,  Cl5H14Oo,  exists  in  sandal-wood.  It  forms  microscopic  red 
crystals,  which  dissolve  in  alkalis  with  a  violet  color. 

Brasilin,  Ci6Hi405,  exists  in  Brazil-wood.  When  pure  it  forms  al- 
most colorless  prisms,  which  become  first  yellow  and  finally  carmine- red 
when  exposed  to  the  air.  It  dissolves  in  dilute  sodium  hydroxide  lye 
with  a  beautiful  carmine-red  color.  The  alkaline  solution  is  bleached  by 
acids.  It  is  oxidized  by  nitric  acid  to  trinitroresorcinol,  and  on  dry  dis- 
tillation it  yields  rcsorcinol  abundantly.  In  alkaline  solution,  it  is 
oxidized  when  exposed  to  the  air  into  brasile'in,  Ci6Hi2Or„  which  forms 
silvery,  glittering  leaflets  dissolving  in  alkalis  with  a  purplish-red  color. 

Safflor  (flowers  of  the  Carthamus  tindorius)  contains  both  a  yellow  and 
a  red  coloring  matter.  The  latter,  carthamin,  Ci4H,607,  is  a  dark-red 
powder  with  a  green  reflex,  soluble  in  alkalis  with  a  yellowish-red  color, 
and  in  this  solution  not  stable.  When  fused  with  potassium  hydroxide, 
it  yields  protocatechuic  acid,  CGH3(C02H)(OH)2. 

Polychro'it,  C^HooO,  „,  exists  in  saffron  {Crocus  sativus).    It  is  an 
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orange-red  substance  which  is  resolved  by  acids  into  sugar,  an  oxygenated 
oil,  C10H14O,  and  a  red  body,  crocin,  Ci6HibO0  : 

C46H6o018  +  H20  =  2  ClcHieOo  +  C,„H140  +  C6H1206. 

In  tumeric,  a  yellow  coloring  matter  called  curcumin,  CnHn04,  occurs. 
On  oxidation  with  potassium  dichromate  and  sulphuric  acid,  it  yields 
acetic  and  carbonic  acids,  while  by  incomplete  oxidation  with  potassium 
permanganate,  vanillin  (methyl  ester  of  protocatechuic  aldehyde)  is  pro- 
duced.   Di-ethylcurcumin  affords  ethylvanillin.    Curcumin  is  hence  : 

(  1  CH(C6H.)C00H 
C6H3  \  3  OCH3 
(4  OH 

It  forms  stout  needles  fusing  at  178°,  and  soluble  in  alkalis  and  alkaline 
carbonates  with  a  brownish-red  color.  Paper  colored  yellow  with  curcu- 
min is  turned  brownish-red  by  alkaline  liquids,  and  on  drying  becomes 
violet.  Acids  turn  it  yellow  again.  When  tumeric  paper  is  moistened 
with  a  solution  of  boracic  acid  and  dried,  it  turns  orange-red.  This  color 
is  not  affected  by  acids,  but  is  turned  blue  by  alkalis. 

In  the  cochineal,  the  female  of  an  insect  (Coccus  cacti)  and  in  the 
flowers  of  the  Monarda  didyma,  a  red  coloring  matter,  carminic  acid, 
C17Hif,Oio,  occurs.  On  boiling  with  dilute  acids,  it  breaks  into  carmine- 
red,  C11H10O7,  and  a  species  of  sugar,  C6H10O5.  On  heating  with  con- 
centrated sulphuric  acid  at  150°,  it  evolves  carbonic  acid,  and  is  oxidized 
into  ruftcoccin,  C16Hi206  : 

C17H1S010  +  O  =  Cl6H1206  +  C02  +  3  H20. 

Boiled  with  nitric  acid,  it  is  converted  into  nitrococcussic  acid  : 

CeH5(N02)303. 

Nitrococcussic  acid  is  a  tri-nitro-cresotic  acid,  C8H,,03,  and  its  constitu- 
tion is  hence  : 

C6(N02)3(CH3)(OH)(C02H). 
The  constitution  of  ruficoccin  is  probably  : 

((CH3)a 
CMHIS   (OH),  , 

(o9 

i.e.,  the  tetra-hydroxylated  quinone  of  dimethylanthracene. 
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The  most  widely  distributed  coloring  matter  is  the  green  matter  of 
leaves,  and  is  called  chlorophyll.  But  little  is  as  yet  known  about  it.  It 
appears  to  be  a  mixture  of  a  yellow  and  a  blue  coloring  matter.  In  au- 
tumn, the  blue  substance  disappears,  and,  as  the  leaves  contain  then  only 
the  yellow  coloring  matter,  they  appear  yellow. 


Bitter  Principles. 

The  so-called  bitter  principles  are  closely  related  to  the  col- 
oring matters  and  lichen-substances.  They  have  an  intensely 
bitter  taste.  A  number  of  glucosides  are  sometimes  placed  in 
this  class.  The  bitter  substances  are  the  active  principles  of 
many  important  medicinal  plants. 

Alo'in,  CjgHjgO,,  is  the  active  constituent  of  aloes.  It 
forms  small  colorless  crystals  with  a  sweetish,  bitter  taste,  and 
varying  percentage  of  water.  It  easily  becomes  amorphous. 
On  warming  with  nitric  acid,  it  yields  clirysammic  acid  (tetra- 
nitro-chrysazin,  p.  304),  Gt  4H2(N02)402(OH)2,  which  crys- 
tallizes in  golden-yellow,  difficultly  soluble  leaflets,  decompos- 
ing by  fusion  with  potassium  hydroxide  into  oxalic  acid, 
orcinol,  panoxybenzoic  acid,  and  alorcinic  acid,  C9H10O3 
4-  H20  (fine  needles  fusing  at  115°). 

Santonin,  Cj5H1803,  exists  in  worm-seed,  and  forms  col- 
orless, pearly,  glittering  leaflets  very  difficultly  soluble  in 
water,  quite  easily  soluble  in  alcohol,  and  fusing  at  170°.  It 
is  the  anhydride  of  santonic  acid,  C,  5H20O4,  into  which  it  is 
very  easily  converted  by  bases.    Sodium  santonatc, 

ClsH19Na04  +3H20, 

forms  colorless  rhombic  crystals.  Acids  decompose  it,  setting 
free  santonic  acid.  The  acid  passes  very  easily  into  santonin. 
Both  santonin  and  sodium  santonate,  turn  yellow  on  standing 
exposed  to  the  light. 

Picrotoxin,  C21H1405,  is  contained  in  the  seed  of  the 
22 
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Menispermus  cocculus.  It  crystallizes  in  glittering  needles, 
somewhat  soluble  in  water.  It  reduces  alkaline  cupric  solu- 
tions and  is  poisonous. 

Cetrarin,  C18H1608,  which  occurs  in  Iceland  moss,  crystal- 
lizes in  needles  insoluble  in  water,  easily  soluble  in  alcohol. 
It  dissolves  in  alkalis  and  alkaline  carbonates  with  a  yellow 
color. 

Quassiin,  C10H12O3,  is  the  bitter*  principle  of  quassia- 
wood.  It  forms  colorless  leaflets  with  an  extremely  bitter 
taste.  It  is  but  little  soluble  in  water,  easily  soluble  in 
alcohol. 

Absynthin  (C20H28O4  ?),  is  produced  from  worm-wood, 
Artemisia  absynthium.  It  is  a  very  bitter  substance  with  the 
odor  of  worm-wood. 

A  large  number  of  the  substances  of  this  class  have  been  al- 
ready mentioned  under  glucosides. 

The  following  acrid  principles  are  intimately  related  to  the 
bitter  principles. 

Cantharidin,  C10H13O4,  is  the  active  principle  of  the 
Spanish-fly.  It  crystallizes  in  colorless  columns,  and  when 
pure  is  insoluble  in  water.  It  produces  blisters  on  the 
skin. 

Cossin,  C26H2205,  is  the  active  principle  of  the  cosso.  It 
is  yellow  powder  with  a  peculiar  odor  and  a  bitter,  harsh  taste. 
It  is  difficultly  soluble  in  water,  easily  in  alcohol,  ether,  and 
alkalis. 

Betulin,  C36H60O 3,  exists  in  the  bark  of  the  birch.  It 
crystallizes  in  large,  thin  prisms  fusing  at  251°,  insoluble  in 
water  and  difficultly  in  alcohol  and  ether. 

Carotin,  C18H240,  is  found  in  minute  crystals  in  the  cells 
of  the  yellow  carrot.  The  carrot  owes  its  color  to  the  pres- 
ence of  this  substance.  It  crystallizes  in  reddish-brown  cubes, 
fusing  at  168°,  is  insoluble  in  water,  difficultly  in  alcohol,  and 
possesses  a  fragrant  odor. 

Chrysin,  Cj  6H,  0O4,  is  contained  in  the  buds  of  the  poplar. 
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It  forms  bright-yellow  tablets  fusing  at  275°,  insoluble  in 
water,  difficultly  soluble  in  alcohol  and  ether,  and  more  easily 
in  alkalis,  forming  with  the  latter  an  intense  yellow  solution. 

Ostruthin,  C28H3404,  is  found  in  the  roots  of  the  Impera- 
toria  ostr lithium.  It  crystallizes  in  colorless  needles  fusing  at 
115°.  Its  alcoholic  solution  exhibits  a  blue  fluorescence. 
Alkalis  dissolve  it  with  a  yellow  color. 

Peucedanin,  C10H16O4,  occurs  in  the  roots  of  the 
Peucedanum  officinale,  and  forms  colorless  prisms  fusing  at 
76°.  Alcoholic  potassa,  or  concentrated  chlorhydric  acid,  de- 
composes it  into  oreoselon,  C14H1204,  which  crystallizes  in 
needles  fusing  at  177°. 

Cascarillin,  C12H1804,  is  found  in  cascarilla-bark.  It 
crystallizes  in  colorless,  bitter  prisms  fusing  at  205°,  diffi- 
cultly soluble  in  water  and  easily  in  hot  alcohol. 

Coin rnb in,  C2 1 H3  2  0 occurs  in  the  columbo-root,  and  forms 
colorless,  bitter  prisms. 

Smilacin,  C  x  8  H3  0  0  6 ,  exists  in  sarsaparilla.  It  crystallizes  in 
colorless  prisms,  which  are  slightly  soluble  in  hot  water,  form- 
ing a  strongly  foaming  solution  with  an  offensive  taste. 


Biliary  Substances. 

Before  passing  to  the  description  of  the  more  important 
parts  of  the  animal  organism,  we  shall  take  up  the  properties 
and  metamorphoses  of  several  compounds  which  occur  in 
them. 

The  chief  constituents  of  the  bile  are  the  potassium  and 
sodium  salts  of  two  acids,  viz.,  glycocholic  and  taurocholic  acids. 

Glycocholic  acid,  02  6H4  3N06,  forms  fine  needles,  almost  in- 
soluble in  water,  easily  soluble  in  alcohol,  and  possessing  a  sweet 
taste  and  an  acid  reaction.  It  is  a  monobasic  acid.  When 
mixed  with  a  solution  of  sugar,  and  then  treated  with  concen- 
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trated  sulphuric  acid,  it  yields  a  deep  purplish-red  solution. 
On  boiling  with  dilute  acids,  it  is  resolved  into  glycocoll, 
C8H5N03  (p.  98),  and  dyslysin,  C24H3603  : 

C26H43N06  =  C2H6N02  +  C24H3603  +  H20. 

Dyslysin  is  an  amorphous  body,  insoluble  in  water.  When 
glycocholic  acid  is  boiled  with  alkalis,  it  splits  into  glycocoll 
and  cholic  acid,  C24H40O5  : 

C26H43N06  +  H20  =  C2H5N02  +  C24H4908. 

Cholic  acid  crystallizes  with  22-H20,  in  colorless,  glassy 
octahedrons  which  are  insoluble  in  water. 

Taurocholic  acid,  C26H45NS07,  forms  colorless  needles 
easily  soluble  in  water  and  alcohol.  Its  solution  turns  the 
plane  of  polarized  light  to  the  right.  On  boiling  with  water, 
or  more  quickly  with  dilute  acids  or  alkalis,  it  is  decomposed 
into  cholic  acid,  C24H40O5,  and  taurin,  C2H7NS03  (p.  82) : 

C26H45NSO,  +  H20  =  C24H40O5  +  C2H7N03S. 

Both  glycocholic  and  taurocholic  acids  exist  in  varying  pro- 
portions in  the  bile  of  almost  all  animals.  To  this  the  bile  of 
the  pig  is  an  exception,  as  it  contains  two  other  acids,  the 
hyoglycocholic  and  hyotaurocholic  acids. 

Hyoglycocholic  Acid,  C27H43NO5.  is  a  colorless  amorphous  mass,  which 
is  insoluble  in  water  and  easily  soluble  in  alcohol.  Its  salts  taste  bitter. 
Its  alkali  salts  are  soluble  in  water,  its  others  insoluble.  It  is  resolved 
by  boiling  with  dilute  acids  or  alkalis,  into  glycocoll,  C2H5N02,  and 
hyocholic  acid,  C25H40O4  : 

C2,H43N05  +  H,0  =  C2H5N02  +  C25H4„04. 

Hyocholic  acid  forms  warty  crystals  insoluble  in  water. 

Hyotaurocholic  Acid,  C27H45NO8,  exists  in  only  very  small  amounts  in 
the  bile  of  the  pig.  It  breaks  on  treatment  with  alkalis,  into  taurin, 
C2H7NSO3,  and  hyocholic  acid,  C2i>H4o04. 
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The  bile  contains,  besides  the  two  acids  mentioned,  another 
constituent,  viz.,  cholesterin.  Cholesterin,  C26H440,  exists 
also  in  the  blood,  brain,  and  yolks  of  eggs.  It  occasionally 
occurs  in  such  amounts  in  the  bile  that  it  separates,  forming 
what  are  known  as  "gall-stones."  It  is  the  chief  constituent 
of  the  fat  of  wool.  It  has  been  proved  to  exist  also  in  plants. 
It  crystallizes  in  colorless,  glittering  leaflets  or  silky  needles, 
with  one  molecule  H30,  fusing  at  145°,  boiling  at  360°.  In- 
soluble in  water,  and  soluble  in  alcohol.  It  is  an  alcohol,  and 
forms  a  chloride,  C26H43C1,  ether,  etc. 

The  bile  contains  certain  coloring  matters  to  which  it  owes  its  peculiar 
color,  golden-yellow  in  man  and  grass-green  in  herbivora.  Bilirubin, 
Ci6HIHN203,  is  a  bright-red  powder  which  changes  to  brown  on  exposure 
to  the  air.  It  is  insoluble  in  water  and  alcohol,  but  in  alkalis  it  is  very 
easily  soluble,  with  an  orange-red  color,  which  on  very  great  dilution  is 
yellow.  In  the  disease  known  as  icterus,  it  causes  the  yellow  color  of  the 
skin.  It  absorbs  oxygen  and  becomes  green,  which  accounts  for  the 
golden-yellow  color  of  bile  turning  to  green  when  exposed  to  the  air.  The 
bilirubin  is  hereby  changed  into  bUiverdin,  C1(!Hlt,N204,  a  blackish-green 
powder,  insoluble  in  water  and  soluble  in  alcohol.  It  is  colored  yellow 
by  sulphurous  acid.  Both  bilirubin  and  biliverdin,  when  treated  in  al- 
kaline solution  with  ordinary  nitric  acid,  which  always  contains  nitrous 
acid,  give  characteristic  color-reactions.  The  solution  becomes  green,  and 
passes  through  blue,  violet,  ruby-red  into  a  dirty-yellow. 

Gall-stones,  contain  a  small  amount  of  bilifuscin,  C,6H20N2O4,  a  brit- 
tle, glittering  almost  black  mass.  The  following  coloring  matters  are 
also  found  in  bile,  but  in  small  amounts.  Biliprasin,  CeHa^Oe,  a 
glittering,  almost  black  mass.  BiUJiumin,  a  blackish-brown  powder 
which  is  formed  from  the  other  biliary  coloring  matters  on  exposure 
of  their  alkaline  solutions  to  the  air. 


Protein  Substances. 

A  number  of  very  highly  constituted  substances,  some  solid 
and  some  in  solution,  occur  in  animal  and  vegetable  organ- 
isms.   They  are  very  intimately  related  to  each  other,  and 
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are  called  protein,  proteids,  albuminous  substances,  and  albu- 
minoids. They  all  contain  carbon,  hydrogen,  oxygen,  nitro- 
gen, and  sulphur.  The  various  kinds  show  small  differences 
in  composition  from  each  other,  but  our  methods  of  analysis 
are  not  delicate  enough  to  enable  us  to  assign  them  even  an 
empirical  formula. 

In  plants,  the  protein  bodies  are  contained  in  far  less  amounts  than  the 
earbhydrates,  but  in  the  animal  kingdom  they  form  the  chief  part  of  the 
organic  constituents.  They  are  formed,  however,  only  in  the  plant,  and 
are  introduced  into  the  animal  organism  through  plant-food,  being  only 
assimilated  and  further  changed  by  the  animal. 

They  exist  either  in  solution  (vegetable  and  animal  liquids)  or  undis- 
solved, in  a  soft,  moist  state,  as  organized  structures,  or  amorphous,  as 
the  coagulum  in  liquids.  Their  being  in  solution  in  plants  and  animal 
structures  is  owing  to  the  presence  of  small  amounts  of  bases,  acids,  or 
salts.  They  can  be  precipitated  from  these  solutions  by  boiling,  or  by 
alkalis,  acids,  and  various  salts.  Precipitated  in  this  manner,  they 
form  usually  an  amorphous,  flocculent,  soft,  odorless  and  tasteless  mass, 
which  when  dried  is  transparent  and  brittle.  It  is  insoluble  in  pure 
water,  but  soluble  in  dilute  alkalis.  They  are  very  unstable,  being 
slightly  decomposed  even  by  precipitating  from  a  solution  and  redissolv- 
ing.  When  kept  in  a  moist  state,  they  decompose  quickly,  becoming 
putrid,  and  yielding  a  great  number  of  less  highly  constituted  bodies 
(carbonic  acid,  volatile  fatty  acids,  fats,  lactic  acid,  ammonia,  amine 
bases,  ammonium  sulphide,  leucine,  tyrosine,  etc.).  Putrefying  albu- 
minous substances  impart  their  chemical  activity  to  many  other  sub- 
stances, thus  acting  as  ferments,  or  starting  fermentation.  They  are 
resolved  by  reduction  with  stannous  chloride  and  chlorhydric  acid  into 
leucine,  C6H13N02,  tyrosine,  CgHi.NOs,  asparaginic  acid,  C4H7NO4,  and 
an  acid  homologous  with  asparaginic  acid,  glutamic  acid,  C5H9NO4. 

Tyrosine,  Hydroxyphenylamidopropionic  Acid  : 

C9H„N03  =  CcH4(OH)-C2H3(NH2)COOH, 

is  a  decomposition-product  of  albuminous  substances,  and  is  hence  found 
in  putrefying  animal  liquids,  rotten  cheese,  etc.  It  is  a  white,  crystalline 
powder,  very  difficultly  soluble  in  cold  water,  but  more  easily  in  hot.  It 
is  an  amic  acid,  and  unites  with  both  acids  and  bases.  It  is  hence  easily 
soluble  in  alkalis  and  dilute  acids.  It  yields  a  nitro-product  with  nitric 
acid,  and  with  sulphuric  acid,  a  sulphonic  acid. 


ALBUMINS. 


343 


Albumin  is  recognized  by  the  following  reactions  : 
On  warming  with  concentrated  nitric  acid,  it  becomes  yellow  (xantho- 
protei'n  reaction). 

On  boiling  with  a  solution  of  mercuric  nitrate  and  then  adding  a  trace 
of  nitrous  acid,  it  becomes  red  (Millon's  reaction). 

Treated  with  concentrated  sulphuric  acid  and  then  with  a  solution  of 
sugar,  it  becomes  red  and  then  violet-red. 

On  boiling  for  some  time  with  concentrated  chlorhydric  acid,  in  which 
it  dissolves  on  heating,  it  affords  an  intense  violet-red  solution. 

All  of  the  albumins  go  into  solution  when  digested  with 
the  acid  juice  of  the  stomach  at  30-40°,  producing  the  eo- 
called  peptones,  which  are  really  a  mixture  of  leucine,  tyrosine, 
etc.,  and  no  longer  albuminous  substances. 

There  are  four  classes  of  albuminous  bodies,  the  differences 
between  which,  however,  are  very  slight. 

1)  Albumin,  Egg-albumin,  Serum-albumin,  Vegetable-albu- 
min, and  Globulin.  They  are  precipitated  (coagulated)  by 
warming  their  solutions  to  60-70°. 

2)  Casein,  Animal-casein,  and  Plant-casein  (Legumin). 
They  are  coagulated  by  the  mucous  membrane  of  the  stomach 
of  the  calf  (rennet). 

3)  Fibrin,  Blood-fibrin,  Muscle-fibrin  (Myosin),  and  Glu- 
ten. They  become  insoluble  as  soon  as  they  have  left  the 
organism. 

4)  Proteids,  Hmmoglobin,  and  Vitellin.  They  are  resolved 
by  various  agents  into  albumin  and  other  substances. 

Albumins.  The  albumins  occur  in  the  juices  of  plants,  and 
can  be  extracted  from  the  dried  plants  with  cold  water.  They 
also  occur  in  the  whites  of  birds'  eggs,  in  the  milk  of  animals, 
in  the  plasma  of  the  blood,  chyb,  lymph,  in  the  serous 
liquids,  juices  of  the  muscles,  animal  semen,  and  in  the  nu- 
tritive licpiids.    In  all  cases,  it  is  held  in  solution  by  the  salts 
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contained  in  the  liquids,  and  can  always  be  precipitated  by 
dilution  with  a  large  amount  of  water. 

Solutions  of  albumin  become  turbid  at  60°,  and  at  75°  the 
whole  of  the  albumin  separates  in  white  flocks  (coagulation). 

If  only  a  small  amount  of  salts  or  acids  is  present,  a  lower  tempera- 
ture is  sufficient  to  precipitate  the  albumin.  But  if  small  amount  of 
alkalis  is  present,  a  higher  temperature  is  required  for  coagulation. 
Strongly  alkaline  or  acid  solutions  of  albumin  are  not  precipitated  by 
heating. 

Hydrogen  sulphide  is  set  free  during  the  coagulation  of 
albumin.    Coalgulated  albumin  is  insoluble  in  water. 

A  solution  of  albumin  Avhich  has  been  strongly  acidified 
{e.g.  with  chlorhydric  acid  of  0.2%),  loses  its  property  of 
coagulating,  but  coagulates  on  neutralization  with  a  base. 
The  solution  contains  the  so-called  acid-albumin. 

When  coagulated  albumin  is  treated  with  concentrated  po- 
tassa,  a  solid  elastic  jelly  is  obtained,  which  on  washing  loses 
alkali  until  a  constant  composition  has  been  attained.  This 
albumin  is  called  alkali-albumin,  and  is  insoluble  in  cold 
water,  soluble  in  hot,  its  solution  remaining  clear  after  cool- 
ing. The  animal  and  plant  organisms  contain  many  albumins 
in  the  form  of  alkali-albumins. 

A  peculiar  modification  of  albumin  exists  in  the  crystalline 
lens  of  the  eye,  and  is  called '  Crystallin.  It  also  occurs  in 
small  amounts  in  the  white  of  egg,  chyle,  etc. ,  and  is  termed 
Globulin.  It  is  precipitated  from  its  solution  by  carbonic  acid 
as  a  white  powder. 

Among  the  substances  resembling  albumin,  are  Paralbumin, 
which  exists  in  dropsical  ovaries,  is  only  partly  precipitated 
by  boiling,  and  is  soluble  in  water  ; 

Pancrcatin,  which  is  contained  in  the  juice  of  the  pancreas  ; 

Ptyalin,  which  exists  in  the  saliva  ; 

Diastase,  which  is  found  in  germinating  barley. 

The  last  three  convert  starch  into  sugar. 
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Casein.  The  caseins  are  alkali-albumins  which  are  precipi- 
tated by  alcohol,  metallic  salts,  and  acids.  The  pure  solutions 
do  not  coagulate  on  boiling,  except  after  addition  of  calcium 
chloride,  calcium  sulphate,  magnesium  sulphate,  etc.  The 
natural  solutions  (milk)  coagulate  (curdle)  slowly  on  exposure 
to  the  air,  because  lactic  acid  is  formed  from  the  milk-sugar. 
They  are  also  coagulated  by  calf- rennet,  probably  owing  to 
the  presence  of  a  ferment  in  it. 

The  animal  casein  exists  chiefly  in  milk.  The  vegetable 
casein  (legumin)  occurs  principally  in  the  almonds  and 
leguminosae. 

Fibrin  is  found  in  the  blood,  chyle,  lymph,  and  in  many 
serous  exudations.  TI13  blood  coagulates  (clots)  after  removal 
from  the  animal  organism,  the  coagulum,  or  clot,  being  the 
fibrin.  By  beating  the  blood  with  a  glass  rod,  it  can  be 
obtained  in  a  fibrous  state.  It  forms  a  white,  tough,  amor- 
phous mass. 

Fibrin  does  not  exist  as  such  in  blood,  but  is  formed  by  the  union  of 
paraglobulin  and  fibrinogen.  The  paraglobulin  is  contained  in  the  red- 
blood  corpuscles  and  diffuses  out  of  them  into  the  liquid  of  the  blood 
(plasma),  being  found,  after  the  coagulation  of  the  blood,  in  the  remain- 
ing serum,  as  it  is  present  in  large  amounts.  It  is  precipitated  from  its 
solutions  by  carbonic  acid,  and  resembles  globulin  very  much. 

The  muscles  contain  a  liquid  (muscle-protoplasm)  which 
after  death  coagulates  and  becomes  solid  {rigor  mortis).  The 
insoluble  body  thus  separated,  is  called  myosin,  or  flesh-fibrin. 

The  vegetable  substance  analogous  to  fibrin  is  known  as 
gluten.  It  can  be  obtained  by  kneading  wheat-flour  on  a 
sieve  with  water.  The  starch  is  washed  through,  and  the 
gluten  remains.  It  is  a  mixture  of  various  substances,  gluten- 
fibrin,  gluten-casein,  mucedin,  and  gliadin. 

Proteids.  The  red  color  of  the  blood  is  due  to  the  presence 
of  a  red  coloring-matter.    This  substance  can  be  obtained  in 
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microscopic,  but  beautifully  formed  crystals,  and  is  called 
Hcemoglobin.  It  crystallizes  with  hydrate-water,  which  it 
gradually  loses  on  exposure  to  the  air,  and  dissolves  in  water 
to  a  red  liquid.  On  boiling  this  solution  with  alcohol,  a  rusty 
colored  precipitate  separates,  which,  after  washing  out  with 
acidified  alcohol,  becomes  colorless,  and  is  albumin.  The 
coloring  matter,  which  is  soluble  in  acidified  alcohol,  is  called 
haematin. 

Haematin  contains  iron.  On  heating  it  is  decomposed,  and 
on  igniting  in  the  air  it  leaves  a  residue  of  pure  ferric  oxide. 
Its  composition  is  C34H34N405Fe. 

The  haemoglobin  effects  the  absorption  of  gases  by  the 
blood.  It  absorbs  oxygen  with  avidity,  and  gives  it  up  again 
as  soon  as  another  gas  {e.g.  carbonic  acid)  is  passed  through  it 
to  saturation.  It  takes  up  ozone  from  substances  containing 
it,  and  gives  it  up  again  as  oxygen.  On  taking  up  oxygen,  its 
color  becomes  brighter  red,  while  with  carbonic  acid  it  becomes 
dark  red.  Hence  blood  containing  oxygen  (arterial  blood)  is 
bright-red,  while  blood  containing  carbonic  acid  (venous 
blood),  is  dark. 

It  unites  with  carbonous  oxide,  forming  a  crystalline  bluish- 
red  compound,  which  is  more  stable  than  oxygenated  haemo- 
globin. With  nitrogen  di-oxide  and  cyanhydric  acid  it  forms 
compounds  which  are  more  stable  than  with  carbonous  oxide. 

The  throe  compounds  just  mentioned,  CO,  NO,  and  HCN,  are  hence 
powerful  poisons,  and  produce  death  because  they  render  the  haemoglobin 
incapable  of  taking  up  oxygen. 

Haematin,  which  is  the  decomposition-product  of  haemo- 
globin, is  a  bluish-black  powder,  insoluble  in  water,  alcohol, 
and  ether,  and  soluble  in  alkalis,  ammonia,  and  dilute  acids. 
It  forms  with  chlorhydric  acid,  a  crystalline  compound,  which 
is  used  as  a  characteristic  test  for  the  presence  of  blood. 

If  a  fragment  of  dried  blood  is  placed  on  the  object-glass  of  a  micro- 
scope, a  grain  of  salt  added,  then  covered  with  a  glass  plate,  the  powder 
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moistened  with  a  drop  of  glacial  acetic  acid  and  warmed  till  the  acetic 
acid  begins  to  evolve  bubbles,  and  then  allowed  to  cool,  the  field  will  be 
found  to  be  filled  with  minute  black  crystals  of  haematin. 

The  spectrum  of  a  haemoglobin  solution  shows  two  absorption- 
hands,  which  have,  however,  different  positions,  depending  on 
whether  the  haemoglobin  is  saturated  with  oxygen,  nitric 
oxide,  or  carbonous  oxide. 

In  the  yolks  of  eggs,  there  is  a  substance  which,  besides  the 
elements  common  to  albumins  (0,  H,  N,  0,  and  S),  contains 
phosphorus,  viz.,  Vitellin.  It  is  decomposed  by  warm  alco- 
hol with  the  separation  of  albumin,  while  another  substance, 
Lecithin,  which  contains  all  the  phosphorus  of  the  vitellin  re^ 
mains  in  solution. 

Lecithin,  C42H84NP09,  is  a  peculiar  glyceride.  It  forms 
a  crystalline  mass  easily  soluble  in  alcohol,  which,  on  boiling 
with  dilute  acids,  or  alkalis,  is  resolved  into  oleic  acid, 
C18H3402,  palmitic  acid,  C16H3203,  neurin,  C5H15lSr03, 
and  glycerylphosphoric  acid,  C3H,,02 .  H2P04  (see  p.  119). 

Neurin,  which  can  be  produced  artificially  by  heating  tri- 
methylamine,  (CH3)3N,  with  glycolchlorhydrin, 

CH2(0H)-CH2C1, 

has  the  constitution  : 

CH2(OH)-CH2N(CH3)3OH. 

It  is  an  ammonium  base,  the  nitrogen  of  which  is  united  with 
three  methyl-groups,  one  hydroxyl-group  and  the  di-valent 
rest  of  glycol  (glycol  minus  OH).  It  crystallizes  in  deliques- 
cent needles  which  possess  strong  basic  properties,  attract  car- 
bonic acid  from  the  air,  and  on  boiling,  break  into  tri-methyl- 
amine  arid  glycol.  It  forms  finely  crystallizable  salts  with 
acids.  On  oxidation,  it  is  converted  into  oxy neurin,  05Ht  3N03, 
which  occurs  in  the  red-beet  (Beta  vulgaris).    It  is  made 
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artificially  by  the  action  of  trimethylaminc  on  monochloracetic 
acid,  CHoCrC02H.    Its  constitution  is  hence, 

0OOH"CH2"N(CH3)3OH. 

It  forms  large  deliquescent  crystals  with  basic  properties. 

From  the  above-mentioned  facts,  it  is  possible  to  derive  the  constitution 
of  lecithin.  It  is  glycerol  in  which  2  H's  are  replaced  by  the  rest  of  oleic 
and  palmitic  acids,  and  a  third  H  by  the  rest  of  phosphoric  acid,  while  an 
H  of  the  phosphoric  acid  rest  is  replaced  by  the  rest  of  neurin  : 

CH2-0-C,.H330 
CH_0-C1CH3,0 

CHr0~PO\0-CHrCHa-N(CHs)8OH. 


As  has  already  been  stated,  the  composition  of  the  various  proteids  can 
only  be  expressed  in  percentages,  and  not  by  chemical  formulas.  The  fol- 
lowing will  serve  as  examples  : 


Egg-albumin 

Blood-albumin   Vegetable -albumin  Bl< 

>od-fibrin 

Vegetable-fibril 

C  =  53.4  * 

53.0  * 

53.4* 

52.6* 

53.4* 

H=  7.0* 

7.1* 

7.1* 

7.0* 

7.1* 

N  =  15.6* 

r>.6* 

15.6* 

17.4* 

15.6* 

0  =  22.4  % 

23.1* 

23.0* 

21.8* 

22.8* 

S  =  1.6* 

1.2* 

0.9* 

1.2* 

1.1  * 

Milk-casein 

Legumin-case'in 

Almond-casein  Haemoglobin 

C  =  53.6* 

51.5* 

50.8* 

53.8* 

H  =   7.1  * 

7.0* 

6.7* 

7.3* 

N  =  15.7  * 

16.8* 

18.4* 

16.1* 

0  =  22.6  * 

24.3* 

23.7* 

21.9* 

S  =  1.0* 

0.4* 

0.4* 

0.5* 

Fe 

=  0.4*. 

We  come  now  to  a  series  of  nitrogenous  bodies  which  are 
intimately  related  to  the  protein  substances  proper,  and  which 
are  derived  from  them,  but  which  differ  from  them  in  con- 
taining much  less  carbon.  They  ]:>ossess  the  general  name  of 
Albuminoids. 

In  many  pathological  conditions,  the  cells  and  tissues  suffer 
a  peculiar  change  and  assume  a  waxy  consistency.    A  sub- 
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stance  is  hereby  formed  which  is  colored  reddish-brown  by 
iodine,  and  green  or  blue  when  first  moistened  with  concen- 
trated sulphuric  acid.  As  these  reactions  resemble  those  of 
starch  (amylum),  this  substance  is  called  amyloid.  It  is  a 
colorless,  crumbly  mass,  insoluble  in  water,  alcohol,  and 
ether.    It  passes  with  difficulty  into  putrefaction. 

Animal  connective  tissues,  on  continued  boiling  with  water, 
form  a  clear  solution,  which,  when  cool,  solidifies  to  a  soft 
elastic  mass.  This  gelatinizing  substance  is  called  glue. 
There  are  two  species  of  glue,  viz. :  glutin  and  chondrin. 

Glut  in  is  obtained  by  boiling  bones,  tendons,  skins,  etc., 
with  water.  It  forms,  when  dry,  a  colorless,  transparent, 
brittle  mass,  which  swells  up  in  water,  and  at  40°  absorbs 
water  without  dissolving.  It  forms  a  thin  solution  when 
boiled  with  water,  which  gelatinizes  on  cooling.  It  loses  the 
property  of  gelatinizing,  if  boiled  repeatedly  with  water,  more 
quickly  when  boiled  with  dilute  acids,  or  by  heating  to  140° 
with  water  in  closed  vessels. 

It  is  precipitated  from  its  solution  by  alcohol  and  tannic 
acid.  Concentrated  sulphuric  acid  decomposes  it,  forming, 
besides  other  products  of  decomposition,  chiefly  glycocoll  and 
leucine.    In  the  moist  state,  it  passes  easily  into  putrefaction. 

Chondrin  is  prepared  by  boiling  young  bones,  which  are 
still  soft,  and  cartilage  with  water.  It  resembles  glutin  very 
much,  and  is  only  distinguishable  by  its  being  precipitated 
from  its  aqueous  solution  by  dilute  acids  and  the  salts  of  iron, 
copper,  lead,  and  silver.  It  is  not  precipitated  by  mercuric 
chloride.  By  the  action  of  sulphuric  acid,  leucine  only  and  no 
glycocoll  is  produced.  It  is  also  decomposed  by  concentrated 
chlorhydric  acid,  a  fermentable  sugar,  chondroglucose,  being 
produced  among  other  substances. 

The  horny  tissues,  e.g.,  hair,  wool,  feathers,  nails,  claws, 
talons,  hoofs,  horns,  epidermis,  epithelium,  etc.,  contain  as  a 
chief  constituent,  keratrin.  Kcratrin  does  not  form  a  glue 
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with  water,  but  dissolves  when  digested  with  it  at  150°,  yield- 
ing a  clear  solution  which  does  not  gelatinize  on  cooling. 

Hair  and  wool  contain  considerable  sulphur  (about  5%),  a  part  of  which 
is  so  loosely  combined,  that  it  will  unite  with  lead  or  silver.  This  explains 
the  blackening  of  the  hair  when  combed  with  a  lead  or  silver  comb. 

Mucin  exists  in  the  saliva,  mucus,  bile,  synovia,  urine, 
semen,  excrement,  and  glands.  It  is  a  colorless,  opaque, 
flocculent  mass,  which,  on  drying,  becomes  brittle  and  horny. 
It  is  insoluble  in  water,  but  swells  up  in  it.  It  is  soluble  in  a 
dilute  salt  solution.  Its  solution  is  glairy  and  ropy,  and  foams 
on  shaking.    It  does  not  contain  sulphur. 

Elastin  is  the  basis  of  the  elastic  tissues.  In  a  moist  state, 
it  is  very  elastic,  insoluble  in  water,  dilute  acids  and  alkalis. 
When  dry,  it  is  hard  and  brittle,  but  swells  up  when  placed 
in  water.  On  boiling  with  sulphuric  acid,  it  yields  leucine, 
but  no  tyrosine. 

Silk-fibrin  is  an  albuminoid,  and  the  chief  constituent  of 
silk.  It  is  a  white,  glittering  mass,  insoluble  in  water,  and 
soluble  in  alkalis  and  concentrated  acids.  On  boiling  with 
dilute  sulphuric  acid,  it  yields  leucine,  tyrosine,  glycocoll,  and 
sugar. 

The  important  difference  between  vegetable  and  animal 
life  consists  in  the  former  producing  highly  constituted  com- 
pounds from  simpler  substances ;  as  carbonic  acid,  ammonia, 
water,  etc.,  which  are  taken  up  from  the  earth  and  atmos- 
phere. Animals,  on  the  other  hand,  consume  the  compounds 
built  up  by  plants,  and  decompose  them  into  the  original 
simple  compounds.  Plant  life  is  a  synthetic  and  reduction 
process  (plants  principally  inhale  carbonic  acid  and  exhale 
oxygen),  while  animal  life  is  an  analytical  and  oxidation  proc- 
ess (animals  inhale  oxygen  and  exhale  carbonic  acid). 
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There  are  two  methods  by  which  the  constitution  of  a 
compound  can  be  determined.  Both  of  them  are  usually 
employed.  Complicated  substances  are  decomposed  by  simple 
reactions  into  simpler  bodies,  the  constitution  of  which  is 
known,  or  more  complicated  compounds  are  produced  from 
simple  substances  of  known  structure.  The  former  method 
is  the  analytic,  the  latter  the  synthetic.  Both  of  the  meth- 
ods will  be  described,  but  it  is  first  necessary  to  explain  the 
methods  for  the  determination  of  the  percentage  composi- 
tion and  molecular  weight  of  compounds. 

Determination  of  the  Composition  of  Organic 
Substances. 

Estimation  of  Carbon  and  Hydrogen. — Carbon  and  hydrogen 
are  always  estimated  in  a  single  operation.  As  it  has  already 
been  stated  in  the  introduction,  the  carbon  is  oxidized  to  car- 
bonic acid  and  the  hydrogen  to  water.  Two  substances  rich 
in  oxygen  are  used  as  oxidizing  agents,  viz.,  cupric  oxide, 
CuO,  and  plumbic  chromate,  PbCr04,  or  a  mixture  of  both. 
The  combustion  is  effected  in  a  tube  of  difficultly  fusible  glass 
GO-70  cm.  long  (Fig.  1).  The  glass  tube  is  drawn  out  at  one 
end  into  a  narrow  tube  turned  up  at  an  obtuse  angle  and  the 
end  closed  by  fusing.  The  tube  is  half  filled  with  freshly 
ignited,  perfectly  dry  cupric  oxide,  or  plumbic  chromate  (to 
b),  and  a  weighed  amount  of  the  substance  mixed  in  by  means 
of  a  brass  rod  which  is  bent  at  the  end  in  the  form  of  a  cork- 
screw.   The  remainder  of  the  tube  is  then  filled  with  cupric 
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oxide  and  closed  with  a  tightly  fitting  cork  through  which 
passes  a  U-tube  filled  with  calcium  chloride  (d)  ;  the  calcium 
chloride  absorbs  the  water  formed  by  the  combustion.  Con- 
nected with  this  tube,  is  a  peculiar  bulb-apparatus  (e)  (Lie- 
big-bulb),  which  serves  to  absorb  the  carbonic  acid.  It  is  filled 
with  a  concentrated  solution  of  potassium  hydroxide,  and 
connected  with  a  small  IT- tube  (/)  which  is  filled  with  small 
pieces  of  potassium  hydroxide,  which  absorb  the  last  traces 
of  carbonic  acid,  and  also  take  up  any  moisture  which  may 
be  carried  from  the  potassa  solution  by  the  stream  of  gas. 


Fig.  l. 


By  gently  tapping  the  tube,  a  canal  is  formed  for  the  evo- 
lution of  the  gaseous  products  of  combustion.  The  tube  is 
then  placed  in  the  combustion  furnace  and  heated. 

Figure  1  represents  the  combustion  tube  filled  and  ready 
for  analysis.    Fig.  2  shows  the  whole  apparatus. 

Up  to  a  is  pure  cupric  oxide  ; 

cu-b  is  the  mixture  of  the  substance  and  cupric  oxide  ; 
b-c  is  again  pure  cupric  oxi  le  ; 
d  is  the  calcium  chloride  tube  ; 

e  is  the  bulb-apparatus  filled  with  potassium  hydroxide  solution  ; 
/  is  the  tube  filled  with  solid  potassium  hydroxide. 

Both  the  calcium  chloride  tube  and  the  potash-bulbs  are 
weighed  before  the  combustion.  The  tube  is  gradually  heated  to 
a  red  heat,  beginning  at  c  and  advancing  slowly,  till  the  whole 
tube  is  heated.  The  operation  is  observed  by  the  passage  of 
the  bubbles  through  e.  When  the  combustion  is  ended,  the 
potassa  solution  rises  in  the  bulb  nearest  the  calcium  chloride 
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tube.  The  flames  are  then  extinguished,  the  point  of  the 
tube  broken,  and  air,  which  has  been  freed  from  carbonic  acid 
and  moisture  by  passing  through  a  solution  of  potassium 
hydroxide  and  over  calcium  chloride,  is  drawn  through  the 
tube  in  order  to  remove  the  last  traces  of  moisture  and  carbonic 
acid  remaining  in  it.  The  calcium  chloride  tube  and  the 
potash-bulbs  are  then  again  weighed,  and  the  differences  be- 
tween the  first  and  last  weights  give  the  amounts  of  moisture 
and  carbonic  acid  which  have  been  formed  by  the  combustion 
of  the  hydrogen  and  carbon  in  the  substance. 

The  weight  of  water  obtained  is  to  the  weight  of  hydrogen 
in  the  substance  as  H30  :  H2,  or  as  18  :  2,  or  as  9  :  1,  i.e.,  the 
weight  of  the  hydrogen  is  ^  of  the  weight  of  water  found. 
The  relation  between  the  carbonic  acid  and  the  carbon  is  as 
CO 2  :  C,  or  as  44  :  12,  or  as  11  :  3.  The  weight  of  the  car- 
bon is  hence  T3T  of  the  weight  of  the  carbonic  acid  found. 

If  the  substance  to  be  analyzed  is  a  liquid,  it  is  introduced 
into  a  small  glass  bulb,  Fig.  3,  by  placing  the  point  under 
the  surface  of  the  liquid  and  warming  the  bulb.    On  cool- 
Pi   3         ^e  ^1u^  r*ses  an(^  ^s        DU^D-    ^he  Pomt  is 
then  fused.    The  combustion  tube  is  filled  to  a  with 
cupric  oxide,  the  bulb  thrown  in  with  such  force  that 
it  is  broken,  the  remainder  of  the  tube  then  filled  with 
cupric  oxide,  and  the  operation  carried  out  as  in  the 
preceding  case. 

If  the  substance  contains,  besides  carbon  and  hydro- 
gen, nitrogen,  a  part  of  the  oxygen  of  the  cupric  oxide 
unites  with  the  nitrogen,  forming  NO,  which  is  absorbed 
with  the  carbonic  acid,  by  the  potassa,  thus  rendering 
the  determination  of  the  carbonic  acid  valueless.  In 
this  case,  a  layer  of  metallic  copper  is  placed  in  the 
front  part  of  the  tube.  Copper  possesses  the  property 
^     of  decomposing  NO  at  a  red  heat,  setting  free  the 

nitrogen  and  uniting  with  the  oxygen. 
The  layer  of  metal  should  fill  about  10  cm.,  and  should, 
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previously  to  its  use,  be  ignited  and  cooled  in  a  stream  of  dry 
hydrogen. 

When  the  substance  contains  chlorine,  bromine,  iodine, 
sulphur,  or  phosphorus,  it  cannot  be  burnt  with  cupric  oxide. 

In  this  case,  plumbic  chromate  must  be  used,  and  the  first 
three  or  four  flames  must  be  kept  low,  so  that  the  end  of  the 
tube  next  to  the  calcium  chloride  tube  does  not  become  heated 
to  a  full  red. 

Estimation  of  Nitrogen. — In  most  cases  the  nitrogen  in 
organic  substances  can  be  converted  into  ammonia  (the  excep- 
tions are  nitro-compounds  and  certain  organic  amides).  The 
substance  is  heated  with  soda-lime  (a  mixture  of  equal  parts 
of  caustic  soda  and  lime),  in  a  tube  of  difficultly  fusible  glass, 
the  operation  being  carried  out  as  in  the  ordinary  combus- 
tion. Ammonia  is  evolved  and  absorbed  by  leading  into  dilute 
chlorhydric  acid,  and  determining  the  ammonium  chloride 
formed  by  conversion  into  platinic  ammonium  chloride, 
(NH4Cl)2PtCl4.  The  ammonia  can  also  be  absorbed  by  a 
measured  amount  of  a  standard  acid,  and  the  amount  neu- 
tralized determined  by  titration  with  a  standard  alkali.  If  the 
nitrogen  is  in  the  form  of  a  nitro-group,  it  is  estimated  in  the 
following  manner  :  The  substance  is  burnt,  as  just  described, 
with  cupric  oxide  and  metallic  copper,  but  in  the  end  of  the 
tube,  a  layer  of  about  5  cm.  of  magnesium  carbonate  is  placed. 
After  this  follow  the  layer  of  cupric  oxide,  the  mixture  of  the 
substance  with  cupric  oxide,  another  layer  of  cupric  oxide,  and 
finally  the  spirals  of  metallic  copper.  The  open  end  of  the  tube 
is  then  closed  with  a  cork  through  which  passes  a  tube  bent  as 
shown  in  Fig.  4,  which  passes  under  the  surface  of  the  mercury 
contained  in  the  bath,  and  under  the  end  of  the  eudiometer,  or 
graduated  glass  tube.  On  top  of  the  column  of  mercury  in  (lie 
eudiometer,  a  layer  of  a  solution  of  potassium  hydroxide  is 
placed.  The  magnesium  carbonate  is  first  heated  carefully,  till 
carbonic  acid  is  freely  evolved  and  all  the  air  is  expelled  from 
the  tube.  This  is  shown  by  the  complete  absorption  of  the  bub- 
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bles  by  a  solution  of  potassium  hydroxide,  which  is  con- 
veniently contained  in  a  test-tube  inverted  over  the  delivery 
tube. 

When  the  bubbles  are  completely  absorbed,  the  tube  is 
heated,  beginning  at  the  delivery-end  and  proceeding  carefully 
toward  the  closed  end.  The  gas  evolved  is  received  in  the 
eudiometer.    When  no  more  gas  is  given  off,  the  layer  of 


magnesium  carbonate  is  again  heated  till  the  bubbles  are  com- 
pletely absorbed  by  the  potassium  hydroxide  solution.  The 
gas  contained  in  the  eudiometer  is  pure  nitrogen.  The  eudi- 
ometer is  then  placed  in  a  tall  vessel  filled  with  water,  and 
after  standing  some  time,  the  volume  of  the  gas  is  noted. 
From  the  volume  of  gas  thus  obtained,  its  weight  is  calculated, 
due  observance  being  made  for  the  temperature,  content  of 
moisture,  and  the  pressure  of  the  atmosphere. 

The  formula  for  calculating  the  weight  of  a  given  volume  of  nitrogen 

is 

P  =  0.001256  x  V  x  (B-f) 
760  x  (1  +  0.003677p 
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P  denotes  the  weight  of  nitrogen  sought  ; 

V  denotes  the  observed  volume  of  the  gas  in  cubic  centimeters  ; 

B  denotes  the  barometric  pressure  ; 

/  denotes  the  tension  of  the  vapor  of  water  at  the  temperature  t ; 
t  denotes  the  temperature  at  the  time  of  the  observation  ; 
0.001256  is  the  weight  of  1  c.c.  of  nitrogen  at  0°  C.  and  700  mm.  baro- 
metric pressure  ; 

760  is  the  normal  barometric  pressure  ; 

0.00367  is  the  coefficient  of  expansion  for  a  gas  for  one  degree  Centf- 
grade. 

Chlorine,  Bromine,  and  Iodine  are  estimated  by  two  methods. 

1)  The  substance  is  mixed  with  pure  caustic  lime  and 
ignited  in  a  short  combustion  tube.  The  mass,  after  cooling, 
is  diffused  in  water  and  dissolved  in  nitric  acid,  the  solution 
filtered,  and  the  halogen  precipitated  and  weighed  in  the  form 
of  its  corresponding  silver  salt. 

2)  The  substance  is  heated  with  twenty  to  thirty  times  its 
volume  of  concentrated  nitric  acid  and  some  solid  silver  nitrate, 
in  a  closed  tube  at  100°-  300°  for  several  hours.  The  hydrogen 
and  oxygen  of  the  substance  are  completely  oxidized  into  car- 
bonic acid  and  water,  while  the  halogen  unites  with  the  silver. 
After  cooling,  the  tube  is  opened  carefully,  the  contents 
washed  out  with  water,  filtered,  and  the  insoluble  silver  chlo- 
ride, etc. .  weighed  as  usual. 

Sulphur  and  Phosphorus  are  also  estimated  in  two  ways. 

1)  The  substance  is  ignited  with  a  mixture  of  four  parts 
of  sodium  carbonate,  and  one  part  of  potassium  nitrate.  The 
sulphur  and  phosphorus  are  oxidized,  forming  sodium  sul- 
phate and  phosphate.  The  sulphuric  acid  of  the  sulphate 
is  precipitated  as  barium  sulphate  with  barium  chloride,  and 
the  phosphoric  acid  as  ammonium  magnesium  phosphate  with 
magnesium  chloride  and  ammonia. 

2)  The  substance  is  heated  in  a  closed  tube  at  100°  to  300° 
with  20-30  times  its  volume  of  concentrated  nitric  acid.  The 
sulphur  and  phosphorus  are  oxidized  into  sulphuric  and  phos- 
phoric acids,  and  are  estimated  by  the  usual  methods. 
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The  other  constituents  of  organic  compounds  are  estimated, 
after  the  destruction  of  the  organic  substance,  by  the  usual 
methods  of  analytical  chemistry. 


It  has  been  stated  in  the  introduction  that  the  simplest  way 
to  determine  the  molecular  weight  of  ^  g 
a  substance,  is  to  compare  the  weight 
of  a  certain  volume  of  its  gas  with  the 
same  volume  of  air  or  hydrogen.  As 
the  atomic  weight  of  hydrogen  is  taken 
as  unity,  it  is  more  advisable  to  com- 
pare the  volume- weights  of  all  substan- 
ces with  it,  for  the  molecular  weight  is 
then  obtained  by  simply  doubling  the 
number  found.  As  pressure  and  temperature, 
however,  exercise  an  important  influence  on  the 
g  expansion  of  gases,  it  is  necessary  to  reduce  the 
volume  found  to  0°  and  the  normal  atmos- 
pheric pressure  (760  mm.),  and  to  compare  it 
with  hydrogen  measured  under  the  same  con- 
ditions. One  c.c.  of  hydrogen  at  0°  and  under 
760  mm.  pressure  weighs  0.0000896  gm. 

The  specific  weight  of  a  body  is  estimated  by 
two  methods,  viz. :  either  by  determining  the 
volume  of  a  known  weight  of  a  substance,  or 
by  determining  the  weight  of  a  known  volume 
of  the  substance. 

The  first  method  is  carried 
out  in  two  ways.  (1)  The  ap- 
paratus consists  of  a  flask  c 
(Fig.  5),  in  which  is  placed  the 
tube  b  of  a  capacity  of  about 
100  c.c.  and  about  200  mm. 
high,  which  terminates  in  a  glass  tube  600  mm. 


Fig.  7. 
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long  and  about  6  mm.  in  diameter,  ending  in  a  stopper-neck. 
About  100  mm.  from  the  end,  a  tube,  a,  is  fused  on. 

A  weighed  amount  of  the  substance,  sufficient  to  give  not 
more  than  50  c.c.  of  vapor,  is  placed  in  the  small  tube  b,  and 
dropped  into  the  main  tube  by  means  of  the  device  shown  in 
Fig.  G.  On  pressing  the  wire  /  of  the  support,  d  is  removed, 
and  the  tube  e  falls.  In  Fig.  7  the  object  is  accomplished  by 
having  the  end  of  the  main  tube  movable  by  means  of  the 
rubber  connection  d.  On  elevating  the  movable  arm  a,  the 
small  tube  b  falls  into  the  heating  tube.  A  piece  of  card- 
board, c,  is  affixed  to  the  under  side  of  the  movable  arm,  to 
prevent  the  heating  of  the  substance.  Depending  on  the 
temperature  necessary,  the  flask  c  is  filled  with  water,  xylene, 
aniline,  ethyl  benzoate,  amyl  benzoate,  diphenylamine,  etc. 
For  heating  above  310°  a  bath  of  melted  lead  is  used.  When 
very  high  temperatures  (1,500-1,600°)  are  required,  the  appa- 
ratus is  made  of  porcelain. 

The  operation  is  conducted  as  follows  :  The  tube  b  is  heated 
till  no  more  bubbles  of  air  issue  at  /,  and  the  temperature 
remains  constant.  The  substance  is  then  allowed  to  fall  into 
the  tube,  and  the  air  which  is  displaced  by  the  vaporization  of 
the  substance  is  collected  in  a  graduated  tube.  When  no  more 
bubbles  appear,  the  graduated  tube  is  placed  in  a  tall  vessel 
of  water,  and  after  the  temperature  of  the  air  and  the  water 
have  become  the  same,  the  levels  of  the  water  within  and 
without  the  tube  are  brought  to  the  same  point,  and  the  vol- 
ume of  gas  read  off. 

The  weight  of  the  gas  is  calculated  by  the  following  formula  : 

i  l  -f-  0.003665  .  t) .  587780 
D        •  (B-w).V 

S  is  the  weight  of  the  substance  ; 
B  is  the  barometric  pressure  reduced  to  0°  ; 
w  is  the  tension  of  the  vapor  of  water  at  t°  ; 
V  is  the  volume  of  air. 
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Fig.  8. 


(2)  A  graduated  tube  a,  one  meter  long  (Fig.  8),  is  filled 
with  mercury  and  inverted  over  mercury,  so  that  a  barometric 
vacuum  of  about  25  cm.  exists  in  it,  and  the  height  of  the 
column  of  mercury  standing  over  the  surface  of  the  mercury 
in  the  bath  estimated. 
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A  weighed  amount  of  the  substance,  contained  in  a  small 
flask  (Fig.  9),  is  then  placed  in  the  tube.  The  tube  is  next 
covered  with  the  large  tube  b,  which  is  contracted  above  into  a 
small  tube,  bent  at  a  right  angle  and  connected  with  a  flask,  /, 
filled  with  water,  turpentine  (boiling  at  160°),  or  aniline  (boil- 
ing at  185°).  The  whole  apparatus  is  steadied  by  a  Fig.  9. 
stand.  The  liquid  in  the  flask  is  now  heated.  The 
vapor  fills  the  outside  tube,  bringing  it  to  its  own  tem- 
perature. The  substance  in  the  inner  tube  is  vapor- 
ized, pressing  the  mercury  down.  As  soon  as  the 
level  of  the  mercury  remains  constant, the  operation  is  finished. 

The  volume  of  gas  is  read  off,  the  height  of  the  column  of 
mercury  again  measured,  its  volume  found  at  the  temperature 
of  the  vapor  (100°,  100°,  or  185°),  and  the  observed  baromet- 
ric pressure  reduced  to  the  temperature  of  0°  and  760  mm. 
pressure.  The  height  of  the  mercury  above  the  surface  of 
the  mercury  in  the  bath  is  ascertained  by  means  cf  a  measuring 
apparatus,  which  consists  of  a  brass  rod  containing  an  iron 
pendant  divided  into  millimeters,  moved  by  a  screw,  and  ter- 
minating in  a  steel  point.  The  brass  rod  is  suspended  from 
the  stand  by  means  of  a  universal  joint. 

The  vapor  density  of  a  gas  compared  with  hydrogen  is  calculated  by 
the  following  formula  : 

n  _      760  x  (273  +  f)  xp 
"Fx  273  x  0.0000896  x  B  ' 


~1  +  0.00ijl8<;     \1  +  0.00018<  +  1  +  0.00018*' 


D  is  the  vapor  density  sought  (100,°  160,°  185,°  etc) ; 

V  is  the  temperature  of  the  vapor  ; 
t  is  the  temperature  of  the  room  ; 

p  is  the  weight  of  the  substance  taken  ; 
T  is  the  observed  volume  in  c.c. ; 
B  is  the  height  of  the  barometer  ; 

V  the  height  of  the  column  of  mercury  not  heated  by  the  vapor  ; 
b"  the  height  of  the  column  of  mercury  heated  by  the  vapor  ; 
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b'  -\-b"  is  the  height  of  the  column  of  mercury  above  the  level  of  the 
surface  of  the  mercury  in  the  bath,  after  attaining  a  constant  point  (a"), 
at  the  temperature  t'  ; 

760  is  the  normal  height  of  the  barometer  ; 

273  +  t'  is  the  expansion  of  the  gas  by  the  rising  temperature  ; 

0.0000896  is  the  weight  of  one  cubic  centimeter  of  hydrogen  ; 

1  _|_  0.00018^  is  the  expansion  of  liquid  mercury  from  the  temperature  t. 

It  expands  0.00018  of  its  volume  for  every  degree  C. 

The  gas- volume  weight  of  all  bodies  which  boil  under  250° 
can  be  estimated  by  this  method.    For  substances  boiling  at 


Pig.  10.  Fig.  11.  Fig.  12. 


higher  temperatures,  the  second  method  can  be  used  where 
the  first  modification  of  the  first  method  is  not  desirable. 

A  small  glass  balloon,  holding  about  200-300  c.c.  (Fig.  10), 
is  drawn  out  to  a  fine  point  and  bent  upwards.  About  five 
grams  of  the  substance  are  placed  in  the  balloon,  which  is 
then  heated  in  a  bath  of  easily  fusible  alloy  to  a  temperature 
about  20-30°  above  the  boiling  point  of  the  substance.  The 
temperature  must  be  kept  constant  for  some  time,  so  that  the 
vapors  of  the  substance  may  drive  all  the  air  out  of  the  bal- 
loon and  fill  it  completely.  The  end  of  the  fine  tube  of  the 
balloon,  which  projects  from  the  bath,  is  then  fused,  and  the 
balloon  removed  from  the  bath,  cooled,  and  weighed. 
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The  point  is  then  broken  under  mercury,  which  at  once  fills 
the  vacuum.  The  amount  of  mercury  required  to  fill  the  bal- 
loon is  determined.  To  obtain  the  weight  of  the  glass,  the 
weight  of  the  air  is  subtracted  from  the  weight  of  the  balloon 
filled  with  air.  The  weight  of  the  volume  of  the  gas  at  a  known 
temperature  is  obtained  by  subtracting  the  weight  of  the 
glass  from  the  weight  of  the  balloon  filled  with  the  gas.  The 
volume  of  gas  is  then  reduced  to  0°  and  760  mm.  pressure. 

Analytical  method  for  the  determination  of  the  constitution 
of  compounds. — This  method  consists  in  decomposing  a  com- 
pound into  simpler  substances  of  known  constitution,  or  into 
substances  of  the  same  carbon  content  of  known  constitution. 

When  we  find  that  naphthalene,  for  instance,  yields  phthalic 
acid  on  oxidation,  it  is  proved  that  naphthalene  contains  a 
benzene  nucleus  ;  and,  further,  that  two  carbon  atoms  of  the 
benzene  chain  are  united  with  hydrocarbon  rests  instead  of 
with  hydrogen.  A  portion  of  the  structure  of  naphthalene 
is  thus  shown  to  be 


The  elimination  of  carbonic  acid  from  organic  acids  by 
heating  with  lime,  or  sodium  hydroxide,  is  an  analytical 
method.  Acetic  acid  yields  methane  when  distilled  with 
lime,  while  benzoic  acid  affords  benzene  by  the  same  treat- 
ment : 


H 


C2H402  =  CH4  +CO 


Acetic  acid  Methane 


C7H,0,  =OeH6  +  CO 


Benzoic  acid  Benzene 
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It  follows,  therefore,  that  benzoic  acid  has  the  same  rela- 
tion to  benzene,  as  acetic  acid  to  methane.  Since  acetic  acid 
may  be  supposed  to  be  derived  from  methane  by  the  replace- 
ment of  an  atom  of  hydrogen  by  a  carboxyl-group,  benzoic 
acid  can  be  derived  from  benzene  by  the  replacement  of  an 
H  by  COOH. 

CH4,  Methane,       CH3"COOH,  Acetic  acid. 
C6H6,  Benzene,      C6H5~COOH,  Benzoic  acid. 

In  this  manner  the  constitution  of  many  aromatic  acids 
has  been  determined.  Catechuic  acid,  C,H604,  for  instance, 
yields  on  distillation  by  itself,  or  better,  with  lime,  pyrocate- 
chol.   Pyrocatechol  has  the  constitution,  C6H4(  OH)  2 .  Hence 

catechuic  acid  must  have  the  constitution,  C6H3  j  qq^jj- 

Gallic  acid  has  the  composition,  C7H605.  By  elimination  of 
carbonic  acid,  pyrogallic  acid,  C6H603,  or  C6H3(OH)3,  is 
obtained.    Hence  gallic  acid  has  the  constitution : 


This  method  for  the  elimination  of  carbonic  acid  affords 
also  a  method  of  producing  new  compounds.  All  the  com- 
pounds which  bear  the  name  of  "pyro"  have  been  formed 
from  other  substances  by  elimination  of  carbonic  acid,  viz. : 
pyromucic  acid,  pyromellitic  acid,  pyroracemic  acid,  pyro- 
catechol, etc. 

Oxidation  frequently  affords  an  insight  into  the  constitution 
of  a  substance,  and  constitutes  a  second  analytical  method. 
The  oxidation  of  an  alcohol  shows  whether  it  is  primary, 
secondary,  or  tertiary ;  for  the  primary  alcohols  yield  on  oxi- 
dation, aldehydes  ;  the  secondary,  ketones ;  and  the  tertiary 
are  decomposed  into  acids  of  lower  carbon  content. 

In  the  same  way,  the  constitution  of  the  ketones  can  often 
be  ascertained.    Ketones  are  decomposed  by  oxidation  into 
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acids  of  lower  orders  (p.  113),  the  CO-group  remaining  with 
the  lesser  hydrocarbon  rest. 

Methyl-butylketone,  CH3~CO~C4H9,  yields  acetic  and  bu- 
tyric acids  on  oxidation  : 

CH3-CO"C4H9  +30  =  CH3-COOH  +  C4H80o. 

Methylbutylketone  Acetic  acid  Butyric  acid 

While  the  isomeric  ketone,  ethyl-propylketone,  yields  only 
propionic  acid  : 

C2H5-CO-C3H,  +30  =  C2H5"COOH  +  C3H603. 

Ethylpropylketoue  Propionic  acid. 

The  aromatic  hydrocarbons  homologous  with  benzene,  i.e., 
containing  side-chains,  are,  as  a  rule,  easily  oxidized.  The 
whole  side-chain  breaks  off,  leaving  one  carboxyl  united  with 
the  benzene  nucleus.  The  atom  of  carbon  of  the  side-chain, 
which  is  united  to  the  benzene  nucleus,  is  oxidized  to  car- 
boxyl, while  the  other  atoms  of  the  side-chain  are  oxidized  to 
acids  of  the  fatty  series  (see  p.  231). 

C6H5"CH3  +30  =  C6H5-002H  +  H80 

Toluene  Benzoic  acid 

C6H5-CH.2_CH3  +  G  0  =  CGH5-C02H  +  C02  +  2  H20 

Ethylbenzene  Benzoic  acid 

C6H5-CH2-CH2_CH3  +  50=  C6H5_C02H  +  CH3_C02H 

Propylbenzene  Benzoic  acid  Acetic  acid 

+  H20. 

All  homologues  of  benzene  having  only  one  side-chain 
yield  benzoic  acid  on  oxidation.  In  the  same  way,  all  homo- 
logues of  benzene  having  two  side -chains  give  dicarboxylic 
acids  (one  of  the  three  phthalic  acids)  on  oxidation. 

0A{Jgj  +  «O  =  0.H.{gg;g  +  »H.O 

Dimethylbenzenc  Phthalic  acid 

°«H.  I  c^ch, + 9  0  =  C«H<  1 88:1 + 00* + 3  H=°  i 

Methylethylbenzene  Phthalic  acid 
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C<*H±  |  C'H55  +  12  0  =  C^  |  002H  +  2  C08  +  4  H20. 

Diethylbenzene  Phthalic  acicf 

The  products  obtained  by  the  oxidation  show  clearly,  there- 
fore, the  number  and  nature  of  the  side-chains. 

The  constitution  of  a  substance  can  often  be  determined  in 
exactly  the  opposite  way,  viz. :  by  reduction.  In  this  way 
the  sulphonic  acids  are  distinguished  from  the  isomeric  alkyl- 
sulphurous  acids.  The  former  yield  with  nascent  hydrogen, 
mercaptan  ;  the  latter,  alcohols  and  hydrogen  sulphide  : 

CH3-S03OH  +  6  H  =  CH3SH  +  3  H20 

Methylsulphouic  acid  Methyl  mer- 

captan 

CH3-0_S03H  +  6H  =  CHjOH  +  2H20  +  H8S. 

Methyl  sulphurous  acid  Methyl  alcohol 

In  a  similar  manner,  the  nitro-compounds  are  easily  dis- 
tinguished by  reduction,  from  the  isomeric  nitrous  esters. 
The  former  give  amido-compounds,  the  latter,  alcohols  : 

CH3N02  +  6  H  =  CH3NH2  +  2  H20 

Nitromethane  Methylamine 

CH3-O-NO  +  6H  =  CH3OH  +  NH3  +  H20. 

Methyl  nitrous  Methyl  alcohol 

ester 

There  are  no  other  general  methods  for  the  determination 
of  the  constitution  of  substances  analytically.  The  constitu- 
tion of  many  compounds  can,  however,  be  ascertained  by  con- 
version into  simpler  compounds  of  known  constitution.  As 
examples,  we  may  recall  uric  acid  (p.  167),  creatine  (p.  171), 
the  glucosides  (p.  329),  the  lichen  principles  (p.  333),  etc. 

The  synthetic  method  for  the  examination  of  the  molecular 
structure  of  compounds  consists  in  starting  out  from  simple 
compounds  of  known  constitution,  and  building  up  from 
them  more  complicated  substances  in  such  a  manner  that  the 
reactions  can  be  accurately  followed,  and  the  constitution  of 
the  bodies  formed  determined. 
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The  synthesis  of  organic  compounds,  from  their  elements, 
constitutes  here  a  particular  class.  By  passing  the  vapor  of 
ammonium  carbonate,  which  is  easily  sublimable,  over  fused 
potassium,  potassium  cyanide  is  formed.  Potassium  cyanide 
is  converted  by  oxidizing  agents  (minium),  into  potassium 
cyanate.  Potassium  cyanate,  on  boiling  with  a  solution  of 
ammonium  sulphate,  is  transposed  into  urea.  Ammonium 
cyanate  is  first  formed  and  then  converted  into  urea  by  atomic 
migration. 

2  KCNO  +  (NH4)2S04  =  K2S04  +  2  NH4"CN0. 

NH4-CN0  =  C0^22  Urea- 

Hydrogen  sulphide  and  carbon  disulphide,  when  passed  over 
heated  copper  form  methane  : 

2H2S  +  CS3  +  4Cu2  =  4Cu2S+  CH4. 

By  the  action  of  chlorine  on  methane,  methyl-chloride, 
CH3C1,  is  formed,  from  which  all  the  derivatives  of  methane 
can  be  obtained  ;  from  it,  also,  compounds  of  higher  carbon 
content  can  be  built  up. 

When  electric  sparks  are  passed  between  poles  of  carbon  in 
an  atmosphere  of  hydrogen,  acetylene  is  formed.  Acetylene, 
C2H2,  treated  with  nascent  hydrogen  yields  ethylene,  C2H4, 
and  ethane,  C2H6,  from  which  all  the  derivatives  of  ethane 
can  be  obtained.  By  leading  acetylene  through  a  red-hot 
tube,  benzene  is  formed  : 

3  C2H2  =  C6H6, 

from  which  an  infinity  of  aromatic  compounds  can  be  pro- 
duced. 

Synthesis,  in  its  broadest  sense,  means  the  artificial  produc- 
tion of  an  organic  compound  from  another.  We  shall  have 
occasion  later  on,  under  the  action  of  reagents  on  organic  sub- 
stances, to  mention  the  methods  by  which  it  can  be  effected. 
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In  a  stricter  sense,  we  understand  by  synthesis,  the  joining 
together  of  hydrocarbon  rests  by  means  of  their  carbon  atoms. 
Strictly  speaking,  the  production  of  ether  is  not  a  synthetic 
process,  because  the  binding  of  the  two  rests  is  effected  by 
oxygen  : 

CH3OH  +  CH3OH  =  CH3-0"CH3  +  H20. 

The  formation  of  methyl  cyanide  from  methyl  iodide,  is,  on 
the  other  hand,  a  true  synthesis  : 

CH3I  +  CNK  =  CH3-CN  +  KI. 

The  principal  methods  for  the  production  of  compounds 
rich  in  carbon  from  those  poor  in  carbon  are  the  following  : 

1.  The  sodium  compound  of  an  organic  substance  is 
treated  with  the  halogen  compound  (alkylogen,  i.e.  chloride, 
bromide,  or  iodide),  sodium  chloride,  etc.,  being  formed,  and 
the  two  rests  uniting  : 

CH3Na  +  CH3Br  =  CH3-CH3  f  NaBr 

Ethane 

C2H5Na  +  CH3Br  =  C2H5_CH3  +  NaBr. 

Propane 

A  very  large  number  of  organic  compounds  have  been  pro- 
duced by  this  method. 

By  acting  with  sodium  on  an  ester  (compound  ether),  hydro- 
gen is  set  free,  and  a  sodium  compound  is  formed,  in  which 
the  sodium  is  united  to  the  carbon  atom.  The  compound 
thus  obtained,  when  treated  with  an  alkylogen,  yields  the 
ester  of  an  acid  richer  in  carbon  : 

2CH3-COOC3H5  +  2Na 
=  CH3-CO-CHNa_COOC2H5  +  C2H5ONa  +  H2. 

Ethyl  sodiumaceto-acetic  ester 

CH3-CO-CH]S"a-COOC2H5  +  C2H5Br 
=  NaBr  +  CH3-CO_CirCOOC2H5. 

Aceto-ethylacetic  ethylester 


SYNTHESIS.  369 

Potassium  hydroxide  not  only  saponifies  the  acetoacetic , 
ethylester,  but  decomposes  it  according  to  another  reaction. 
In  one  reaction,  acetic  acid  and  a  second  acid  are  formed, 
while  in  the  other,  carbonic  acid  and  a  ketone  are  formed  : 

a)  CH3-CO-CH-COOCgH5  +  2  KOH 
C2H5 

=  CH3-COOK  +  C8H5~CH8-COOK  +  C2H5OH. 

Potassium  butyrate 

b)  CH3-CO-CH-COOC2H5  +  KOH 
CSH5 

=  CH3-CO-CH3-C2H5  +  C02  +  C2H5OH. 

Methyl-propyl -ketone 

Instead  of  ethyl  bromide,  the  chloride  or  iodide  of  any 
hydrocarbon,  aci-chlorides,  bromides,  etc.,  and  chlorinated, 
brominated,  etc.,  esters  can  be  used,  so  that  an  almost  un- 
limited series  of  acids  and  ketones  can  be  produced. 

In  many  cases  it  is  not  necessary  to  make  the  sodium  com- 
pound, in  order  to  eliminate  the  halogen  and  join  the  rests 
together,  it  being  sufficient  to  treat  two  chlorides,  bromides, 
or  iodides  with  sodium  : 

CH3I  +  CH3I  +  Na2  =  CH2-CH3  +  2NaI 

E~thane 

CH3I  +  C2H5Br  +  m2  =  CH3-C2H5  +  NaBr  +  Nal 

Propane 

C6H5Br  +  CH3I  +  Na2  =  C6H5_CH3  +  NaBr  +  Nal 

Methyl  benzene 

C6H5Br  +  C2HcBr  +  Na2  =  CBH5'C2H5  +  2  NaBr 

Ethvlbenzene 

C6H5Br  +  C6H5Br  +  Na2  =  C6H5_C6H5  +  2  NaBr. 

Diphenyl 

Many  hydrocarbons,  particularly  of  the  aromatic  series, 
have  been  obtained  in  this  way. 
24 
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2.  By  leading  carbonic  acid  through  the  sodium  compound 
of  a  hydrocarbon,  the  carboxylic  acid  of  the  next  higher  series 
is  formed  : 

CH3Na  +  C02  =  C3H3NaO,  =  CH3"C02Na. 

Sodium  a«etate 

By  leading  carbonic  acid  over  the  sodium  salt  of  a  phenol, 
the  corresponding  acid  of  the  next  higher  carbon  series  is 
obtained  : 

2  0,H8ONa  +  C02  =  C6H4  j  gggNa  +  C6H5OH. 

Sodium  phenoxide  Sodium  salicylate 

Analogous  to  this  reaction,  is  the  formation  of  the  corre- 
sponding aldehyde  of  a  higher  carbon  scries  by  digesting  the 
alkaline  solution  of  a  phenol  with  chloroform,  the  chloroform 
acting  as  formic  acid  in  statu  nascendi : 

C6H5OH  +  CHCI3  +  3  NaOH 
=  C6H4(ONa)_CHO  +  3  NaCl  +  2  H20. 

Sodium  salicylaldehyde 

In  this  case,  also,  it  is  frequently  only  necessary  to  pass  the 
carbonic  acid  through  the  bromide  or  iodide  of  the  hydro- 
carbon in  presence  of  sodium  : 

C6H5Br  +  Nas  +  C02  =  CfiH5_COONa  +  NaBr. 

Sodium  benzoate 

3.  The  halogen  derivatives  of  the  hydrocarbons  of  the  fatty 
series,  or  the  sulphonic  acids  of  the  aromatic  series,  when  dis- 
tilled with  potassium  cyanide,  yield  the  cyanide  of  the  hydro- 
carbon. In  this  case  also,  the  union  is  through  carbon.  These 
cyanides,  on  boiling  with  potassium  hydroxide,  are  converted 
into  the  acids,  the  CN-group  passing  into  the  COOH-group  : 

CH3I  +  KCN  =  CH3"CN  +  KT. 
CH3-CN  +  2H30  =  CH3-C02H  +  NH3. 

Acetic  acid 
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CH2Br     „^MT  CH"CN 

I*     +2KCN=  i    2        +  2  KBr. 

CH3Br  CH2"CN 

Ethylene  bromide  Ethylene  cyanide 


CH2"CN  „     CH„  C02H 

i    8        +  4H,0  =  i    2       2    +  2NH3 

CH2"CN  2       CH2-C02H  3 

Ethylene  cyanide  Succinic  acid 


4.  The  action  of  the  zinc  compounds  of  the  hydrocarbons 
on  the  alkylogens  is  analogous  to  that  of  the  sodium  com- 
pounds : 

COCl2  +  Zn<^s  =  ZnCl2  +  CO^^* 

Pcosgen        Zinc  meth}-?  Acetone 

or  2  COCl2  +  Zn<^3  =  ZnCl2  +  2  COCrCH3 

Phosgen  Zinc  methyf  Acetyl  chloride 

/OZnCH3 

also     a)  CH3-COCI  +  Zn(CH3)2  =  CHjfC^CHj 

/OZnCH3 
b)  CH3"C~CH3       +  Zn(CH3)2 
NCI 


-OZnCH3 

\cs: 


=  CH3~C^-CH3        +  ZnCH3Cl 


•3 


/OZnCH3 
c)  CH3"C^CH3       +  2H20 


=  CH3"C(OH)<(^  +  Zn(OH)2  +  CH4 

Trimethylcarbinol 

5.  In  the  presence  of  aluminic  chloride,  the  aromatic  hydro- 
carbons unite  with  the  chlorides  derived  from  the  alcohols 
with  evolution  of  chlorhydric  acid,  forming  new  hydrocarbons  : 
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C6H6  +  CH3CI    =HC1    +  C6H5CH3 
C6H6  +  2  CH3CI  =  2  HC1  +  C6H4(CH3)3 
C6H6  +  3  CH3CI  =  3  HC1  +  06H3(CH3)3  etc. 

6.  Aromatic  compounds  unite  with  aldehydes  in  the  pres- 
ence of  concentrated  sulphuric  acid,  forming  substances  richer 
in  carbon  : 

2  C6H6  +  CH3-CHO  =  H20  +  CH3-CH(C6H5)2,  etc. 

%  Diphenylethane 

7.  Salts  of  organic  acids  (the  lime  salts  are  best)  when  sub- 
mitted to  dry  distillation,  either  alone  or  with  the  salts  of  other 
organic  acids,  afford  ketones  richer  in  carbon  : 

2CH3C02Na=^3)>C0  +  Na2C03. 

Sodium  acetate  Acetone 

CH3-C02Na  +  C2H5"C02Na  =         ^CO  +  Na2C03. 

Sodium  acetate         Sodium  propionate  Methyl-ethyl  ketone 

As  a  peculiar  kind  of  synthesis,  condensation  may  be  men- 
tioned. Condensation  is  the  union  of  two  or  more  molecules 
of  one  or  more  substances  by  means  of  their  carbon  atoms, 
accompanied  by  the  elimination  of  water.  Aldehydes  and 
ketones,  in  particular,  exhibit  this  reaction. 

Aldehyde,  C2H40,  when  treated  with  weak  dehydrating 
agents  (e.g.,  chlorhydric  acid),  is  converted  into 

Crotonic  aldehyde,  C4H60  : 

2  C2H40  =  C4H60  =  CH3-CH=CH-CHO  +  H20. 

Benzaldehyde,  C6H5~CHO,  and  aldehyde,  in  a  similar  man- 
ner pass  into  cinnamic  aldehyde,  C9H80  : 

C,H0O  +  C2H40  .=  C9H80  =  C6H5_CH=CH-CHO  +  H80. 
The   formation  of  collidine,  CgH^N,  from  ethylidene 
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chloride  and  ammonia,  also  belongs  here,  although  the  nascent 
chlorhydric  acid  eliminates  ammonia  : 

4  CH3-CHC12  +  4  NH3  =  4  CH3-CH=KE  +  8  HC1. 

Hypothetical  body 

4  CH3-CH=NH  =  CsH,  tN  +  3  NH3. 

Collidiuc 

Acetone  yields  with  chlorhydric  acid  the  condensation-pro- 
ducts, mesityl  oxide,  C6H10O,  and  phorone,  C9H140  : 

2C3H6O=CpH10O  +  H2O. 

Acetone         Mesityl  oxide 

C3H60  +  CeH,  0O  =  C9H140  +  H20. 

Acetone       Mesityl  oxide  Phorone 

Phororie  does  not  yield  further  condensation  products  by 
an  elimination  of  water  ;  the  bydrocarbon,  mesitylene,  C9H12, 
is  formed  (p.  266). 

The  formation  of  rosolic  acid  by  the  oxidation  of  a  mixture 
of  phenol  and  salicyl  aldehyde,  rosanilines  by  the  oxidation  of 
a  mixture  of  aniline  and  toluidine,  and  the  phthale'ines  (p.  264) 
by  the  action  of  phthalic  anhydride  on  phenols  at  an  elevated 
temperature,  or  in  presence  of  sulphuric  acid,  belong  to  this 
class. 

Polymerization,  although  not  properly  a  form  of  synthesis, 
should  be  mentioned  under  the  head  of  condensation.  It  con- 
sists usually  in  three  molecules  of  a  simply  constituted  body 
uniting  to  one  molecule.  When  the  carbon  atom  of  a  com- 
pound is  united  by  more  than  one  bond  to  a  polyvalent  atom, 
this  binding  can  be  dissolved  to  a  simple  one,  and  the  molecules 
thus  having  free  attractive  energies,  unite  among  themselves 
to  one  molecule. 

Aldehydes,  cyanic  acid,  CONH,  and  its  derivatives,  and 
cyan  chloride  yield,  in  particular,  polymerization-products. 

Methaldehyde,  CH20,  (p.  29)  passes  into  methyl  metalde- 
hyde  (C6H12Oc?),  the  constitution  of  which  is  probably  : 
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H  gives  H2C"0"CH8"0"CHs 

H~6=0  6  6 


Methyl  aldehyde 


H3C-0_CH2-0"CH3. 

Methyl  metaldehyde 


Ethyl  aldehyde  yields  the  trirnolecular  paraldehyde,  and 
probably  also  the  hexamolecular  metaldehyde.  The  constitu- 
tion of  metaldehyde  is  the  same  as  that  of  methyl  metaldehyde, 
except  that  in  one  an  H  of  a  CH2  is  replaced  by  a  CH3.  The 
constitution  of  paraldehyde  is  : 

CH  -CHO      gives  H8C"CH"0"CH"CH3 

Aldehyde  '  ■ 

crcH-o 

CH3 

Paraldehyde 

Cyanic  acid  passes  into  the  trimolecular  cyanuric  acid  : 
CONH      gives  HN=0-0_C=NH 

Cyanic  acid  ■  1 

0"C"0 

II 

NH 

Cyanuric  acid 

Liquid  cyan  chloride  yields  solid  cyan  chloride : 
CENC1      gives  CrC=N-(TCl 

Cyan  chloride  '  h 

(liquid)  N=C~N 

01 

Solid  cyan  chloride 

Two  molecules,  probably,  of  cyanamide  polymerize  to  di- 
cyanamide  : 

N=C~NH3      gives  HN=C^^C=NH. 

Cyanamide  Dicyanamide 

The  polymerization  of  three  molecules,  forms  melamine, 
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C=N 
NH2 

Cyanamide 


NH2-C=N"C_NH3 
i  ii 
N=C_N 

NH3 

Mclamine 


The  constitution  of  the  isomeric  cyanuric  acid  may  be  analogous  to 
that  of  melamine  : 

ho-c=n-(toh 

N=CTN 
OH 

It  has  not  been  ascertained  whether  the  cyanuric  acid  known  has  this 
formula,  or  whether  its  nitrogen  binds  single  molecules  together.  If  we 
accept  this  formula,  we  can  deduce  a  number  of  compounds  which  stand 
between  cyanuric  acid  and  melamine,  and  which  can  be  supposed  to 
be  derived  from  each  other  by  substitutions  of  the  OH  by  NH2,  viz., 
cyanuric  acid,  C3H3N303,  melanuric  acid,  C3H4N402,  ammeline,  C3H5N60, 
and  melamine,  C3HCN6. 


HO"C=N 

N  CTOH 
ii  ii 
HO_C-N 

Cyanuric  acid 

HO"C=N 

N  C~NH2 
ii  ii 
H2N_C-N 

Ammeline 


HO"C=N 

N  C"NH2 
ii  ii 

HO-CTN 

Melanuric  acid 

H2N"C=N 

N  C"NH2 
ii  ii 

H2N"C-N 

Melamine 


Action  of  Reagents  on  Organic  Compounds. 

As  the  ordinary  reagents  usually  act  on  organic  com- 
pounds in  a  characteristic  manner,  it  is  possible  to  establish 
certain  rules  for  their  action. 

1)  Chlorine,  Bromine  and  Iodine,  act  substitutingly : 

CH4  +  CU  =  CH3CI    +  HC1 
C6H6  +  Br2  =  CGH5Br  +  HBr. 
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It  is  necessary,  however,  in  the  case  of  iodine,  to  destroy  at 
once  the  iodohydric  acid  which  is  formed,  else  it  will  cause 
an  inverse  substitution,  and  thus  prevent  the  substitution  by 
the  iodine.  It  is  therefore  necessary  in  cases  where  iodine  is 
to  be  introduced  directly,  to  add  nitric  acid,  or  iodic  acid,  if 
the  former  disturbs  the  reaction,  in  order  to  at  once  decom- 
pose the  iodohydric  acid,  which  is  formed,  into  iodine : 

HI03  +  5  HI  =  3  I2  +  3  H20. 

In  unsaturated  compounds,  i.e.,  in  those  which  contain  at 
least  two  carbon  atoms  united  by  a  double  binding,  the  halo- 
gens dissolve  the  double  binding  before  substitution  takes 
place.    They  add  on  to  the  molecule  : 

C2H4  +  C13  =  C2H4C12,  L  e.: 
CH2=CH2  +  Cl8  =  CH2CrCH2Cl 
C6H6+3C12  =  CeH6Cl,  (p.  203). 

In  the  presence  of  water,  the  halogens  exert  an  oxidizing 
action  (chlorine,  naturally,  being  the  strongest),  as  they  de- 
compose the  water,  setting  free  the  oxygen,  which  acts  on  the 
organic  compound  : 

H20  +  C12  =  2HC1  +  0. 

2)  Chlor-  and  Bromhydric  Acids  replace  alcoholic  hydroxyls 
by  chlorine  or  bromine  : 

C2H5(OH)  +  HC1  =  C2H5C1  +  H20 
CH3-CH(OH)_COOH  +  HBr  =  CE^-CHBr-COOH  +  H20 

Lactic  acid  Brompropionic  acid 

OTo;g:>+2Hci=o:H:o!+^a 

Ether 

They  often  dissolve  the  double  binding  of  unsaturated 
compounds  : 

CH2=CH2  +  HC1  =  CH3_CH2C1. 
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lodohydric  Acid  acts  in  the  same  manner,  but  at  an  elevated 
temperature  it  substitutes  inversely,  t.  e.,  replaces  the  substi- 
tuted haloid  by  hydrogen  : 

CH2rCOOH  +  HI  =  CH3-COOH  +  I8 

lodoacetic  acid  Acetic  acid 

It  acts  particularly  in  this  way  on  oxygen  compounds  con- 
taining hydro xyl,  i.e.,  it  reduces  them.  At  a  sufficiently  high 
temperature,  it  produces  the  saturated  hydrocarbon,  or  it 
breaks  the  molecule  into  molecules  of  methane  : 

C3H803  =  CH3(OH)-CH(OH)_CH2(OH)  +  5  HI 

Glycerol 

=  CH3"CHI"CH3  +  3  H20  +  2  I2 
C4Ht  0O4  +  7  HI  =  C4H9I  +  4  H20  +  3  I, 

Erythrol  Sec.  butyl  iodide 

20  +  10  HI  =  5  CH4  +  H20  +  5  I2. 

Amy!  alcohol 

As  the  free  iodine  in  this  reaction  always  acts  as  a  weak  oxidizer,  it 
must  be  at  once  removed.  This  is  effected  by  the  addition  of  phosphorus, 
which  unites  with  the  iodine  to  phosphorus  iodide,  which  is  at  once  de- 
composed by  the  water  into  iodohydric  acid  (acting  again)  and  phosphorous 
acid. 

3)  Sulphuric  Acid  replaces  the  hydroxyl  of  the  fatty  alco- 
hols by  HS04  ;  and  the  hydrogen  of  the  aromatic  hydrocarbons 
by  HSO3  : 

C2H5(OH)  +  HHS04  =  C2H5"HS04  +  H20. 

Alcohol  Ethylsulphuric  acid 

C6H5H  +  H(SO,)OH  =  OeH8-SO,H  +  H20. 

D     °  Benzosulphonic  acid 

Water  is  always  formed  during  the  reaction.  It  is  produced,  either 
from  the  hydroxyl  of  the  organic  compound  and  the  substitutable  hydro- 
gen of  the  acid,  or  from  the  hydrogen  of  the  organic  compound  and  the 
hydroxyl  of  the  acid. 
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Sulphuric  acid  can  also  substitute  both  hydroxyls  of  an 
alcohol,  or  two  H's  of  an  aromatic  compound  : 

2C3H5OH  +  H2S04  =  (C2H5)3S04  +  2H20 

Ethyl  sulphate 

2C6H5H  +  S02(OH)2  =  C6H5-S02_C6H5  +  2H20. 

Sulphobenzid 

4)  Nitric  Acid  forms  esters  with  the  alcohols  of  the  fatty 
series  : 

CsII5OH  +  N02(OH)  =  C2H5ON02  +  H20 

Ethyl  nitric  ester 

0,H8(OH),  +3NOg(OH)=08He(ONO,),  +3H.O. 

Glycerol  Glycerol  nitric  ester 

With  the  aromatic  compounds  it  forms  substitution-products  : 
C6H5H  +  N02(OH)  =  C6H5-N03  +  H80. 

Nitrobenzene 

It  acts  in  the  same  manner  as  sulphuric  acid,  but  the  differ- 
ent behavior  of  the  two  series  is  here  more  apparent.  With 
the  alcohols  of  the  fatty  series,  the  S02  and  N02  are  linked 
to  the  hydrocarbon  rest  by  means  of  oxygen,  while  with  the 
hydrocarbons  of  the  aromatic  series,  the  binding  takes  place 
directly  between  the  nitrogen,  or  sulphur,  and  the  carbon. 

Nitric  acid,  HO~N02 
Sulphuric  acid,  HO~S02"OH 
Nitric  ethyl  ester,  C2H5"0"N02 
Ethylsulphuric  acid,  C2H5~0"S02"OH 
Ethyl  sulphate,  C2Hs-0"S02_0"C2H5 
Nitrobenzene,  C6H5~N02 
Benzenesulphonic  acid,  C6H5~S02~OH 
Sulphonezid,  C6H5"S02"C6H5. 

Compounds  in  which  the  nitrogen  of  the  NO  2  -group  is 
bound  directly  to  the  carbon  are  also  known  in  the  fatty 
series,  and  some  of  them  have  been  described  (p.  105).  They 
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are  usually  formed  by  the  action  of  silver  nitrite  on  alkylogens. 
Sulplionic  acids  of  the  fatty  series  are  also  known,  and  are 
obtained  by  the  action  of  sulphites  on  the  corresponding  haloid 
derivatives  (p.  103). 

5)  Potassium  and  Sodium  Hydroxide  decompose  the  esters 
when  in  alcoholic  solution  : 

C8H50_C2H30  +  KOH  =  C2H5OH+C2H5K03, 

Acetic  ester  Alcohol         Potassium  acetate 

and  change  the  alkylogens  into  hydroxyl  derivatives  : 

C2H5C1  +  KOH  =  C2H5OH  +  KC1. 

When  fused  in  the  solid  state  with  organic  bodies,  they  act  as 
oxidizing  agents,  substituting  oxygen  for  hydrogen  and  setting 
the  latter  free  : 

C2H5OH  +  KOH  =  C2H302K  +  2H2. 

Potassium  and  sodium  hydroxides  act  at  a  high  temperature  as  very 
strong  bases,  producing  acids  and  uniting  with  them  to  salts.  They  con- 
vert the  aldehydes  of  the  aromatic  series  into  the  corresponding  alcohols  : 

2  CfiH5-C3H30  +  KOH  =  C.H.-CaHsKOs  +  C6HrC3H50. 
Cinnamic  aldehyde  Cinnamic  acid        Cinuamic  alcohol 

They  often  effect  the  resolution  of  a  complicated  molecule  into  several 
molecules  of  simple  acids  : 

Cf,H1206  +  6NaOH  =  3  C2Na204  + 18  H. 
Sugar 

The  acids  derived  from  hydrocarbons  of  the  CnH2n  series,  are  decom- 
posed by  NaOH  and  KOH,  the  molecule  breaking  at  the  point  where  two 
carbon  atoms  are  united  by  a  double  binding  : 

CH3-CH=CH-COOK  +  KHO  +  H20=  CH3-COOK+  CH3"COOK  +  H2. 
Potassium  crotonate  Potassium  acetate 

6)  Phosphorus  Trichloride,  PC13,  and  Phosphorus  Tribrom- 
ide,  PBr3,  as  well  as  Phosphorus  Oxychloride,  POCl3,  and 
Bromide,  POBr3,  substitute  OH  by  CI  or  Br  : 
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3  C3H5OH  +  PC13  =  3  C2H5C1  +  PH30 
3  C2H5(OH)  +  POBr3  =  3  C3H5Br  +  PH304. 

7)  Phosphorus  Pentachloricle,  PC15,  and  Bromide,  PB/5, 
substitute  oxygen  by  Cl2  or  Br2,  acting  like  free  chlorine : 

C2H40  +  PC15  =  C2H,C12  +  POCI3. 

Aldehyde  Ethylidene 
chloride 

Phosphorus  Pentasulphide,  P2S6,  replaces  the  oxygen  of 
hydroxyl  by  sulphur  : 

5  C2H5OH  +  P2S5  =  5  C2H5SH  +  P205 
5  CH3-COOH  +  P2S5  =  5  CH3-COSH  +  P206. 


In  conclusion  we  shall  mention  a  phenomenon  for  which  no 
satisfactory  explanation  has  as  yet  been  Offered,  viz.,  the 
conversion  of  organic  bodies  into  isomeric  ones  by  atomic 
migration.  The  formation  of  urea  from  ammonium  cyanate 
has  been  mentioned  several  times.  In  ammonium  cyanate, 
the  carbon  is  united  to  the  di-valent  oxygen  forming  the  rest 
CO.  The  two  bonds  of  the  CO  are  satisfied  by  the  two 
valences  of  the  N,  whose  third  bond  is  satisfied  by  NH4  : 

0=C=N_NH4. 

On  boiling  with  water,  the  double  binding  of  the  N"  to  the 

C  is  dissolved  to  a  simple  one,  and  the  unsaturated  group, 

0=C~N=,  is  formed  at  the  moment.    In  this  group,  the  C 
1 

has  one  free  bond,  and  the  nitrogen  two.  One  valence  of  the 
C  takes  the  N  of  the  NH4,  while  two  H's  of  the  latter  rest  sat- 
isfy the  two  bonds  of  the  N  which  is  united  to  the  C,  forming 

the  compound,  0=C^jJjj2>  carbamide,  or  urea. 

When  glycerol  is  treated  with  chlorhydric  acid,  two  bodies 
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are  formed,  dichlorhydrins  of  glycerol,  in  which  two  OH's 
are  replaced  by  Cl's  : 

CH2OH_CHOH-CH2OH  Glycerol 


Both  of  them  yield  allyl  alcohol  with  sodium  : 

CH2CrCHCrCH8(OH)  +  Na2  =  CH2=CH_CH2OH 
+  2  NaCl. 

Hence  a  shifting,  or  migration,  of  the  hydroxyl  from  the 
middle  carbon  atom  to  one  of  the  end  carbon  atoms  must 
have  taken  place. 

3)  Hydrazobenzene,  C6H5~NH=NH~C6H5,  is  easily  trans- 
formed by  acids  into  the  isomeric  benzidine  : 


Here,  again,  a  rearrangement  of  the  atoms  has  taken  place. 
The  two  benzene  nuclei  have  each  lost  an  atom  of  hydrogen 
and  united  with  each  other,  while  the  binding  of  the  nitrogen 
atoms  has  been  broken,  and  the  NH  has  passed  into  NH2. 
4)  By  elimination  of  water  the  glycol, 


become  bound  by  both  its  valences  to  a  carbon  atom,  while  an 
H  has  shifted  to  another  carbon  atom. 

The  secondary  and  tertiary  anilines  (methylaniline,  dime- 
thylaniline)  on  heating  to  300°  are  converted  into  primary 
bases,  toluidine  and  xylidine  : 


CH2CrCHCrCH2OH 
CH2CrCH(OH)-CH2Cl 


2 


Dichlorhydrin. 


C6H4-KE2 
C6H4-NH2 


CH2(OH)"CH2(OH), 


C6H5NH"CH3,  is  converted  into  C6H4(CH3)NHS 
C6H5N(CH3)2  «       «        "  C6H3(CH3)2NH3. 
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Hence  the  methyl-group  and  a  hydrogen  of  the  benzene 
change  places.  Mellitic  acid  C(C02H)6  is  converted  into 
hydromellitic  acid,  C6H6(C08H)e,  by  the  action  of  nascent 
hydrogen.  This  latter  compound  by  heating  with  chlorhydric 
acid,  passes  into  isohydromellitic  acid.  In  this  case,  also,  it 
is  only  possible  to  explain  the  reaction  by  supposing  that  the 
atoms,  or  atomic  groups,  wander  from  one  carbon  atom  to 
another. 

There  are  a  great  number  of  bodies  which  are  converted 
into  isomeric  compounds  at  an  elevated  temperature,  but  we 
have  not  space  to  mention  them. 
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"     Ether,  236. 

"    -Phenyl  Ketone,  238. 

"    -Phosphine,  247. 

"    -Pinacoline,  238. 

"     Sulphhydrate,  247. 

"     Sulphide,  239,  247. 
Berberine,  327. 
Bergamot-Oil,308. 
Betaine,  105. 
Betaorcinol,  250,  334. 
Betulin,  338. 
Bile,  339. 

Biliary  Substances,  339. 
Bilifuscin,  341. 
Bi'.ihumin,  341. 
Biliprasin,  341. 
Bilirubin,  341. 
Biliverdin,  341. 
Binoxalate  of  Potash,  99. 
Birch-Bark,  338. 
Bismuth  Valerianate,  143. 
Bitter  Almond-Oil,  237,  309,  311. 
Bitter  Principles,  337. 
Biuret,  50,  51. 
Bleaching;,  333. 
Blood-Albumin,  348. 

"    -Fibrin,  348. 

"     Test  for,  346. 
Borneo-Camphor,  306. 
Borneol,  306. 
Borneo]  Chloride,  306. 
Brasile'in,  a35. 
Brasilin,  335. 
Brnzil-Wood,  335. 
Bromal,  88. 

Hydrate,  88. 
Bromanilines,  222. 
Brom-Benzoic  Acids,  244. 

"   -Cyan,  59. 

"  -Hydrie  Acid,  action  of  on  organic 
compounds,  376. 

"   -Hydrin,  120. 

"   -Malic  Acid,  278. 

"   -Methyl,  16. 

"   -Naphthalene,  295. 

"   -Nitromethane,  66. 

"    -Malophtlialic  Acid,  278. 

"  -Styrolene,  271. 
Bromine,  action  of  on  organic  compound*, 
375. 

"      Compound  with  Ether,  84. 
"      Estimation,  357. 


Bromides  of  the  Hydrocarbons,  general  re- 
actions of,  20. 
Bromoform,  18,  19. 
Brucine,  325,  326. 
Butane,  126,  174. 

"      Compounds,  126. 
Butter,  150,  151. 

Butyl  Alcohol,  127,  128,  130,  182. 
Iso,  128. 

«         «       Mustard-Oil  of  the  Second- 
ary, 311. 
Secondary,    128,  129,  130, 
182. 

"         "       Tertiary,  129. 

"     -Aldehyde,  normal,  319. 

"     -Amine,  140,  193. 

"     -Benzene,  230,  275,  291. 

"     -Carbinol,  141. 

"  "       Secondary,  142. 

"     Chloride,  Iso-,  127. 

Normal,  126. 

"  "       Pseudo,  126. 

"  "       Secondary,  126. 

"  "       Tertiary,  127. 

"      Cyanide,  194. 

Ethyl  Ether,  184. 

"     Glycols,  132,  184. 

"     -Glycollic  Acids,  132. 

"     -Glycerol,  138. 
Iodide,  Iso-,  127. 

"         "      Normal,  127. 

"         "      Secondary,  127,  128. 

"         "      Tertiary,  127. 

"    Isocyanide,  194. 

"    -Lactic  Acids,  190. 

"    -Methyl  Carbinol,  183. 

"    -Methylketone,  113. 
Butylene,  177,  178. 
Butyraldehyde,  186. 

Iso,  131. 
"  Normal,  131. 

Butyric  Acid,  92,  131,  134,  187,  190. 

"     -Methyl  Ester,  192. 
Butyrin,  131. 
Butyronitrile,  194. 


Cacodyl,  71. 
Cacodylic  Acid,  71. 

"       Oxide,  71. 
Caffeic  Acid,  273. 
Caffeine,  171. 
Caffetannic  Acid,  273. 
Cajeput-Oil,  308. 
Calcium  Butyrate,  132. 
"      Camphorate,  307. 
"      Citrate,  147. 
"      Isobutyrate,  132. 
"      Oxalate,  99. 
Tartrate,  137. 
Camomile-Oil,  309. 

"  "  '  Roman,  144. 
Camphene,  309. 

'•  Inactive,  310. 
Campholic  Acid,  306,  307. 
Camphor,  3<>6. 

"        Group.  305. 
"       -Oil,  308. 
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Camphoric  Acid,  306,  307. 
Camphors,  Constitution  of,  307 
Candles,  Stearine,  149. 
Cane-Sugar,  157. 
Cantharidin,  338. 
Caoutchouc,  313. 
Capric  Acid.  149, 188. 
Caproic  Acid,  Normal,  187,  190. 

Aldehyde,  186. 
Capronic  Acid,  145. 
Capryl  Alcohol,  148. 
Caprvlic  Acid,  148,  188. 
Caraway  Oil,  309,  310. 

"       "  Koman,  310. 
Caramel,  154,  158. 
Carbamic  Acid,  48. 
Carbamide,  49. 
Carbaminic  Acid,  48. 
Carbanilamide,  219,  220. 
Carbanile,  220,  221. 
Carbanilic  Acid,  220. 
Carbanilide,  219,  220. 
Carbazol,  288. 
Carbhydrates,  145,  153. 
Carbimide,  62. 
Carbinois,  22,  23, 130. 

"       General  Properties  of,  24 
Carbolic  Acid,  207. 
Carbon  Disulphide,  36. 

"     Estimation,  2,  351. 

"     Oxysulpbide,  37. 

"     Sulphochloride,  38. 

"     Tetrachloride,  20. 
Carbonic  Acid,  35. 

"        "     Hypothetical,  48. 
"        "     Substitution- products  of, 
35. 

Carboxyl,  31. 

"  Introduction  by  means  of  Chlor- 
carbonic  Methyl  Ester,  35, 
38. 

Carboxylic  Acids,  31. 

"         "      Syntheses  of,  36, 370. 
Cardamom-Oil,  308. 
Carminic  Acid,  336. 
Carmine-Red,  336. 
Carnirse,  170. 
Carotin,  338. 
Carrots,  338. 
Carthamin,  335. 
Carvol.  310. 
Cascanllin,  339. 
Casein,  343,  345. 

"     Almond-,  348. 

"      Animal-,  343. 
Fibrin-j  345. 

"      Legumin-,  348. 

"      Milk-,  348- 
Castor-Oil,  152. 
Catcchin,  255. 
Catechol,  212,  289. 

Monomethyl  Ether  of,  212. 
Cellulose,  161. 
Cerotic  Acid,  150,  188. 
Cerotic  Ceryl  Ester,  150. 
Cerotyl  Alcohol,  184. 
Ceryl  Alcohol,  150. 

"    Cerotic  Ester,  150. 


Cetrarin,  338. 
Cetyl  Alcohol,  150,  184. 
Cheese,  Putrid,  143. 
Chelidonine,  329. 
Chinese  Wax,  150. 
Chinovic  Acid,  325. 
Chinovin,  325. 
Chlor-Acetanilide,  222. 

"  -Anilamide,  213. 

"   -Anile,  213. 

"   -Anilic  Acid,  213. 

"   -Anilines,  222. 

"  -Benzoic  Acid,  243. 

"   -Brombenzene,  206. 

"  -Bromhj^drins,  120. 

"  -Carbonic  Methyl  Ester,  35. 

"  -Carbonous  Oxide,  35. 

"  -Carbonyl,  35. 

"  -Cyan,  59. 

"   -Dracylic  Acid,  243. 

"   -Ethidene,  77. 

"  -Ethylidene,  77. 

"  -Hydric  Acid,  Action  of,  on  Organic 

Compounds,  376. 
"  -Methyl,  16. 
"  -Oxalethyline,  101. 
"  -Oxynaphthalinic  Acid,  298. 
"   -Picrine,  66. 
"  -Salicylic  Acid,  243. 
"  -Toluenes,  234,  236. 
"  -Toluenes,  Action  of  Chlorine  on, 

234. 

Chloral,  86. 

"     Alcoholate,  87. 

"     -Cyanhydrate,  88. 

"      Hydrate,  87. 
Chloroform,  18,  95. 
Chlorophyll,  337. 

Chlorides  of  the  Hydrocarbons,  General 

Reactions  of,  20. 
Chlorine,  Action  of,on  Organic  Compounds, 
375. 

"      Bleach,  333. 

"      Derivatives  of  Oxamide,  101. 

"      Estimation,  2,  357. 
Cholesterin,  341. 
Cholic  Acid,  340. 
Choline,  104. 
Chondrin,  349. 
Chondroglucose,  349. 
Chromogenes,  333. 
Chrysene,  300. 
Chrysammic  Acid,  337. 
Chrysaniliue,  260. 
Chrysazin,  304. 
Chrysene,  304. 
Chrysin,  338. 
Chryso'idine,  226. 
Chrysophan,  304. 
Chrysophanic  Acid,  304. 
Chrysoquinol,  305. 
Chrysoquinone,  305. 
Cinchona  Bases,  323. 

"       Red,  325. 
Cinchonidine,  323,  324. 
Cinchonine,  323,  324. 

Sulphate,  324. 
Cinchoninic  Acid,  324. 
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Cinnamein,  272,  312. 
Cinnamene,  271. 

Cinnamic  Acid,  268,  269,  270,  291,  312. 
Aldehyde,  269,  311. 

"       Anhydride,  271. 

"       Benzyl  Ester,  237,  272,  312. 

"       Chloride,  269. 

"       Cinnamyl  Ester,  272. 

"       Cinnyl  Ester,  269,  312. 
Cinnamine,  269. 
Cinnamon-Oil,  270,  309,  311. 
Cinnamyl  Amide,  271. 

"       Chloride,  271. 

"        Cinnamic  Ester,  272. 
Cinnyl  Alcohol,  269. 

"     Cinnamic  Ester,  269. 
"     Ether,  269. 
Citraconic  Acid,  146. 
Citric  Acid,  145,  191. 
Clove-Oil,  309,  310. 
Cocaine,  328. 
Coccin,  338. 
Cochineal,  330. 
Cocoa-nut  Oil,  152. 
Codamine,  320. 
Codeine,  320,  321. 
Colchicine,  329. 
Collidine,  314,  315. 
Collodion,  162. 
Colophony,  312. 
Coloring  Matters,  332. 
Colors,  Diazo-,  226. 
Colubin,  339. 
Combustion,  351. 
Comenic  Acid,  322. 

Composition  of  Organic  Substances,  Deter- 
mination of,  351. 
Compound  Ethers,  32. 
Condensation,  372. 
Couhydrine,  319. 
Coniferin,  255,  330. 
Coniferyl  Alcohol,  311. 
Conine,  318. 
Constitution,  6. 

"  An;d\  Heal  Method  for  Deter- 

mination of,  363. 

"  Synthetic  Method  for  Deter- 

mination of,  366. 
Convolvulin,  332. 
Convolvulinol,  332. 
Conylene,  318. 
Copaiba  Balsam,  312. 
Copaibic  Acid,  312. 
Corydaline,  329. 
Cotainine,  322. 
Cream  of  Tartar,  137. 
Creasote,  Beech-Wood,  250. 

Coal-Tar,  250. 
Creatine,  171,  173. 
Creatinine,  172. 

"       Compound  with  Zinc  Chloride, 
172. 

Cresols,  235,  250. 
Crocin,  356. 

Crotonic  Acid,  121,  139  190. 

Aldehyde,  86,  139,  270. 

Nitrile,  124. 
Croton-Oil,  144,  152. 


Crotonylene,  178. 
Cryptidine,  315. 
Cryptopine,  320. 
Crystallin,  344. 
Cubeb-Oil,  308. 
Cumaric  Acid,  272. 

Anhydride,  272. 
Cumnrin,  272. 

"      Homologues  of,  273. 
Cumenc,  266,  267,  291. 
Cumic  Acid,  275. 

"     Aldehyde,  275,  310. 

"     Phenol,  306. 
Cumol,  275. 
Cupric  Acetate,  90. 

"     Ferrocyanide,  58. 
Curarine,  328. 
Curcumin,  336. 
Curled  Mint-Oil,  309. 
Cusconine,  324. 
Cyan,  65. 

"    -Acetic  Acid,  117. 

"    -Ammelide,  66. 

"    -Benzene,  227. 

"    -Butyric  Acid,  144. 

"    -Group,  53. 

"  "      Isomerism  of,  60. 

"    -Hydric  Acid,  53,  101. 
"  "       "  Addition-Product  with 

Glyoxal,  138. 

'*    -Hydroxyi,  62. 
"    -Methyl,  60. 
"    -Napththalenes,  298,  299. 
"    -Uramide,  66. 
"    -Uric  Acid,  50,  162. 
Cyanates,  195. 
Cyanelid,  62. 
Cyanic  Acid,  62. 

"        "    Compounds  of,  62. 
Cyanides,  22,  194. 

"      Formation  of,  194. 
"     Reactions  with  Acids  and  Alkalis, 
62. 

Syntheses  of,  370. 
Cyanogen,  65,  100,  101. 

Chloride,  59. 
Cymene,  269,  274,  291,  306,  310. 
Cymogen,  180. 
Cymyl  Alcohol,  275. 


Daphnetin,  274,  331. 
Daphnin,  331. 
Decatyl  Alcohol,  183. 
Desoxybenzoin.  238. 
Dcuteropine,  320. 
Dextrine,  159,  161. 
Dextrose,  154. 
Dextrotartaric  Acid,  138. 
Di-Acetamide,  94. 

"-Acetin,  118. 

"-Aceteylencphenyl,  285. 

"  -Allyliirea,  124. 

"  -Amido-Benzenes,  206,  222. 

"      "    -Benzoic  Acid,  246. 

"      "    -Napththalenes,  299. 

"      "    -Phenol,  227. 

"  -Amylamine,  193. 
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Di-Basic  Acids,  239. 
"  -Benzyl- Amine,  347. 
"      "    -Phosphine,  247. 
" -Brom-Allylaniine,  314. 

"  -Anisoil,  210. 
"     "  -Anthracene  Tetrabromide,  302. 
"      "  -Barbituric  Acid,  168. 
"      "  -Benzene,  205. 

"  -Methane,  17. 
"      •'  -Napthalene.  295. 
"      "  -Ortlionitrocinnamic  Acid,  283. 
"      "  -Oxypiperidine,  328. 
m      n  ;-Piopionic  Acid,  124. 
•'      "  -Succinic  Acid,  134. 
" -Butyraldine,  319. 

"  -Carboxylic  Acid,  of  the  Butane  Series, 
132. 

"  Chlor-Acetic  Acid,  95. 

«    "  Ethyl  Ester,  95. 

"   -Acetone,  111,  140- 
"    "  -Acetonic  Acid,  146. 
»    "    -Aldehyde,  87. 

"   -Benzene,  204. 
"    "  -Benzyl  Chloride,  232.  234. 

"        "      Dichloride,  232. 
"    "   -Chrysoquinone,  305. 
■•    "   -Dracylic  Acid,  233,  334. 
••    "  -Ethene  Chloride,  78. 
«    "   -Ether,  84.  127. 
»    "  -Ethidene  Chloride,  78. 
•<    "   -Ethylene,  79. 
•<    •■    -Ethylene  Chloride,  78. 
<•    "   -Ethylidene  Chloride,  78. 
»    "   -Hydrin.  119. 
»    "   -Methane,  17. 
"     "   -Napthalene,  295. 
«    "   -Naphthoquinone,  298. 
"    •'    -Phenol,  209. 
»    "    -Pheuylchloroform,  232. 
«    "   -Propylene,  108. 
«    "  -Quinone,  213. 
'•    "    -Toluene,  232.  233. 
"  Cyan- Acetonic  Acid,  146. 
"        -Diamide,  66. 
"    "   -Diamidine,  66. 
"    "   -Naphthalenes,  299. 

"   -Ethylacetic  Acid,  92. 
"  -Ethyl  Aceto-acetic  Ester,  92,93. 
"      "    -Amine,  192. 
"      "   -Aniline,  216. 

"   -Benzene,  230,  268,  274,  291. 
"   -Carbinol,  142,  182. 
"   -Urea,  51,  219. 
"    Ethylene-Diamine,  104,  193. 
u  -Diphenylenediamine,  217. 

-Glycol,  96. 
«        "      -Glycerol,  118. 
"         "      -Ketone,  112,  187. 
"         "      -Oxamide,  101. 
•c         ii      -Phosphine,  105. 
ii         ii      -Phosptiinic  Acid,  105. 
•i         'I      -Propyl  Carbinol,  183. 
ii         ii      -Methylcarbinol,  145,  183. 
ii         ii       -Sulphone,  102. 
ii         i'      -Toluidine,  282. 
"   -Ethylidenediphenylenediamme,  218 
«   -Gallic  Acid,  256. 
"   -Glycollic  Acid,  98. 


Di-Hydroxy  Cinnamic  Acid,  273. 
"        "      -Ethylidene,  87. 
'        "      -Ethylidene  Acetic  Ester,  87. 
1       "      -Naphthalene,  297. 
'    -Iodomethane,  17. 
'   -Isatogen,  285,  286. 
'    -Isopropyl  Carbinol,  183. 
'   -Methyl,  75. 
•         "    -Amine,  46,  192. 
1         "   -Amylbenzine,  291. 
'         "   -Aniline,  216,  217. 
'         "  -Anthracene,  Tetrahyaroxylated 

Quinone  of,  336. 

'         "   -Arsinic  Acid,  71.   

"   -Benzene,  230,  233,  261,  279,  287. 

291. 

»         "   -Carbinol,  130. 

"   -Ethylbenzene,  230,  274,  291. 
"         "   -Ethyl  Carbinol,  142,  182. 
ii         "  -Hydrazine,  46. 
"        "   -Isopropyl  Carbinol,  145,  183. 
ii        "   -Ketone,  110. 
"         "  -Malonic  Acid,  191. 
i'         "  -Napthalene,  299. 
"         "   -Phosphine,  68. 

"   -Phosphinic  Acid,  68. 
ii         "  -Propyl  Carbinol,  145,  183. 
"         "   -Pyridine,  314. 
"         "   -Urea,  51. 

"  -Xanthine,  171, 173. 
"  -Nitro-Amidophenol,  209,  227. 
»     "    -Anisoil,  210. 
"     "    -Benzene,  206. 
ii     "    -Benzoic  Acid,  244,  246. 
"     "    -Benzophenone,  241. 
"     "    -Cyanmethane,  67. 
1'     "    -Diphenyl,  224. 
"     "    -Naphtlialene,  296. 
»     "    -Naphthol,  298. 
ii     "    -Phenol,  209, 227. 
»     "    -Oxindole,  281, 283. 
"  -Oxy-Anthraquinone,  302. 
"    "  -Cumarins,  274. 
"  -Phenic  Acid,  301. 
"  -Phenol,  287. 
"  -Phenyl,  204,  287. 

-Amine,  222. 
ii      "     -Benzene,  288. 
ii      "     -Dicarboxylic  Acid,  301. 
ii      "     -Ethylene,  239. 
"      "     -Ethylidene,  287. 
"      "     -Guanidine,  221. 

"  -Methane,  288. 
i.  ii  -Thiurea,  219. 
ii      ii     -Tolylmethane,  258. 

-Urea,  219,  220. 
"  -Propyl  Carbinol,  183. 
"  -Styrolene,  271. 
"  -Sulphocarbonic  Acid,  37,  38. 
"  -Tartaric  Acid,  136. 
Dialnramide,  168. 
Dialuric  Acid,  167. 
Diastase,  155,  344. 
Diazo-Amido-Benzene,  224,  226. 
ii         "    -Benzoic  Acid,  245. 
"   -Benzene-Anilide,  224. 
"   -Benzene  Chloride,  226, 227. 
"   -Benzene  Nitrate,  225. 
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Diazo  -Benzoic  Acid  Nitrate,  245. 

"    -Benzoic  Acid  Sulphate,  245. 

"     -Benzoic  Chloride,  245. 

"     -Colors,  226. 

"     -Compounds,  224. 

"     -Cumene  Chloride,  226. 

"     -Diamido-Azobenzene,  226. 

"    -Sulphanilic  Acid,  226. 
Digitalin,  332. 
Digitalretin,  332. 
Dilituric  Acid,  168. 
Disacryl,  123. 
Distilled  Verdigris,  90. 
Drying-Oils,  151. 
Dulcite,  148. 
Dulcol,  184. 
Dutch  Liquid,  77. 
Dyeing,  333. 
Dynamite,  119. 
Dyslysin,  340. 

EGG-Albumin,  343,  348. 

Elastin,  350. 

Elai'dic  Acid,  149. 

Elecampane-Camphor,  308. 

Emetine,  329. 

Emulsin,  150,  330. 

Eosin,  265. 

Epichlorhydrin,  120. 

Ergot  of  Rye,  159. 

Erucic  Acid,  190. 

Erythric  Acid,  334. 

Erythrin,  139. 

Erythrite,  138. 

Erythrol,  127, 138,  184,  334. 

Erythrol  Nitric  Ester,  139. 

Eserine,  328. 

Essential  Oils,  308. 

Esters,  22,  25,  26,  27,  93,  191. 

"     Action  of  Alkalis  on,  192. 

"     Action  of  Ammonia  on,  192. 

"     Formation,  181, 192. 

"     Isomers  of,  192. 

"    of  Organic  Acids,  characteristics 
and  formation  of,  90. 
Esters,  Sodium  Compounds  of,  91. 
Ethaldehyde,  186. 
Ethoxy-Glycollic  Acid,  97. 

"     -Indoxyl,  285. 

"     -Indoxylic  Acid,  284. 

"     -Indoxylic  Ethyl  Ester  284. 

"     -Nitroso-indoxylic  Acid,  284. 
Ethane,  75,  174. 

"      Derivation  from  Methane,  74. 

"      Halogen  Derivatives  of,  77. 

"      Hydroxyl  Substitutions  of,  80. 

"      Nitrogen  Substitutions  of,  104. 

"      Sulpho-Snbstitutions  of,  101. 
Ethene  Chloride,  77. 
Ether,  Acetic,  90. 

"     Chlorine  Derivatives  of,  81. 

"     Compound  with  Bromine,  84. 

"     Sulphuric,  83. 
Ethers,  21,  83. 

Compound,  25,  32,  191. 

"      Formation  of,  28. 

"      Production  of,  185. 


Ethidine  Bromide,  79. 
Ethol,  Pentamethyl,  183. 
Ethyl  Acetate,  90. 

•  -Acetic  Ester,  90, 116,  192. 

1  -Aceto-acetie  Ester,  92. 

1  Alcohol,  130,  182. 

Oxidation  of,  28,  29. 

'  -Amine,  104,  106,  192. 

I  -Amidobenzoic  Ester,  245. 
'  -Aniline,  216. 
'  -Benzene,  230,  261,  291. 
'  -Benzene,  Acids  derived  from,  261. 
'  -Benzene,  Phenols  of,  261. 
'  -Benzoic  Acid,  268. 
'  -Benzoic  Ester,  243. 
'  -Bromide,  77. 
'  -Butyl  Ether,  184. 
'  -Carbinol,  130. 
'  Chloride,  77. 
'  -Crotonic  Acid,  190. 
'  Cyanic  Ether,  106. 
'  Cyanide,  105,  194. 
'  Cyanuric  Ether,  106. 
'  Dichloracetic  Ester,  95. 
'  -Dimethylbenzene,  274,  291. 
'  -Dimethyl  Carbinol,  142,  182. 
'  -Diphenyldiamine,  218. 
•'  Disulphide,  103,  211. 

Ether,  184. 

"  Formic  Ester,  48, 192. 

II  -Glycol,  184. 
"  -Glycollic  Ester,  97. 
11  -Hippuric  Ester,  248. 
"  Iodide,  77. 
"  Isocyanide,  106, 194. 
"  Isocyanic  Ether,  106. 
"  -Lactic  Acid,  116. 
"  -Malonic  Acid,  144,  191. 
"  -Malonic  Ester,  117. 
"  Mercaptan,  101,  106,  211. 
"  -Methylacetic  Acid,  143. 
"  "      Acetamine,  192. 
"  "     -Benzenes,  266, 291. 
"  "     -Carbinol,  127,  130. 
"  "      Ether,  84,  184. 

"     -Ketone,  112,  128,  131, 187. 

"  -Monochlorether,  127. 

"  Mustard-oil,  106. 

"  Nitrate,  83. 

"  Nitric  Ester,  83. 

"  Nitrite,  83. 

"  Nitrous  Ester,  83. 

"  -Oxalic  Acid,  100. 

"  Oxide,  83. 

"  -Phenyl  Ether,  210. 

"  -Phosphine,  105. 

"  -Piperidine,  328. 

"  Propionic  Ester,  192. 

"  -Propyl  Carbinol,  183. 

"  Sulphaldehyde,  103. 

"  "  Triple  Polymer  of,  103. 

"  Sulphide,  102,  211. 

"  Snlphocyanate,  106. 

"  -Sulphonic  Acid,  102,  103,  195. 

"  -Urea,  51,  219. 

"  -Vanillin,  336. 
"   -Violet,  259. 

"  -Xylene,  291. 
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Ethylene,  75,  177. 

"       Bromide,  78. 

"       Chloride,  77. 

"       Cyanide,  133. 

"       Diamine,  101,  193. 

"      -Diphenylenediamine,  217. 

"      -Glycol,  95,  96. 

"      -Glycol  Hydrochloride,  114. 

"       Iodide,  76,  79. 

"       Oxide,  76,  96. 

"      -Phenyleneamidine,  223. 

"      -Phenyleneamine,  217. 
Ethylidene  Bromide,  79. 
"       Chloride,  77. 
"       -Diphenyldiainine,  217. 
Glycol,  115. 
Encalin,  159. 
Eugenol,  311. 
Euphorbium,  313. 
Euphorbon,  313. 
Evemic  Acid,  334. 
Everninic  Acid,  334. 


Fats,  118,  150,  156. 

"     Rancidity  of,  151. 
Fast  Dyes,  333. 
Fecula,  159. 

Fennel-Oil,  254.  309,  311. 
Fermentation,  155. 
Ferments,  155. 
Ferric  Citrate,  147. 
Ferric  Ferrocyanide,  58. 
Ferrocyan,  55. 
Ferrous  Lactate,  116. 
Ferulic  Acid,  311. 
Fibriue,  343,  345. 

Blood,  343,  348. 

"      Flesh-,  345. 

"      Gluten-,  345. 

"      Muscle-,  343. 

"      Silk  ,  350. 

"      Vegetable-,  348. 
Fibrinogen.  345. 
Fire-Damp,  15. 
Flag-Oil,  309. 
Flavopnrpurin,  304. 
Flesh-Fibrin,  345. 
Fluoranthrene,  305. 
Fluorene,  288. 

Fluorescein,  265.  . 
Formanilide,  218. 
Formamide,  48. 
Formic  Acid,  30,  101,  187. 
Salts  of,  34. 

"      Ethyl  Ester,  48. 

"     Isobutyl  Ester,  192. 

"      Methyl  Ester,  191. 
Propyl  Ester,  192. 
Formula.  Chemical,  Derivation  of  by  An- 
alysis, 3,  5. 
Frankincense,  313. 
Frangulic  Acid,  304. 
Frangnline,  304. 
Fruit-Sugar,  157. 
Fnchsine,  258. 
Fugitive  Dyes,  333. 
Fulminic  Acid,  W. 


Fulminuric  Acid,  67. 
Fumaric  Acid,  139. 
Furfurole,  317. 
Fusel  Oil,  142,  156. 


Galactose,  158. 
GalleTn,  265. 

"      Anhydride,  266. 
Gallic  Acid,  214,  256. 
Gall-Stones,  341. 
Garlic-Oil,  125. 
Gentisin,  255. 
Gliadin,  345. 
Globulin,  343,  344. 
Glucosan,  154. 
Glucose,  154. 
Glucosides,  155,  163,  329. 
Glue,  349. 

"     Precipitation  by  Tannic  Acid,  349. 
Glutamic  Acid,  342. 
Glutaric  Acid,  144,  191. 
Gluten,  343,  345. 
"      Casein-,  345. 
"      Fibrin-,  345. 
Glutin,  349. 
Glyceric  Acid,  120. 
Glycerides,  149,  150. 
Glycerine,  118. 
Glycerol,  118,  184. 

"      Nitric  Ester,  119. 

"       Oxalic  Ester,  118. 

"       Propionic  Ester,  119. 

"       Sulphuric  Ester,  119. 
Glycerylphosphoric  Acid,  347. 
Glycine,  98. 
Glycocholic  Acid,  339. 
Glycocyamidine,  173. 
Glycocyamine,  172. 
Glycocyamine-IIydrochloride,  173. 
Glycocoll,  97,  98,  164,  244,  248. 

''       Copper  Compound  of,  98. 
Glycogen,  160. 

Glycollic  Acid,  97,  173,  190,  263. 

"      Chloride,  97. 
Glycolide,  98,  121. 
Glycol  Amide,  97, 98. 

"     -Chlorhydrin,  96,  114. 

"      Di-acetyl  Ester,  96. 

"      Di-ethyl  Ether,  95. 

"      Mono-acetyl  Ester,  96. 

"      Monomethyl  Ether,  95. 

"      Nitric  Ester,  %. 
Glycols,  95,  184. 

"       Formation,  181. 
"       of  the  Butane  Series,  132. 
Glycolylurea,  169,  170. 
Glyevrrhetin,  332. 
Glycyrrhizin,  332. 
Glyoxal,  98. 

"      Addition-Product  with  Cyanhy. 
dric  Acid,  138. 
Glyoxalic  Acid,  98. 
Glyoxylic  Acid,  169. 
Glyoxylurea,  169,  170. 
Grape-Sugar,  154. 
Grass-Bleach,  333. 
Grease-Spot,  150. 
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Green  Hydroquinone,  214. 
Guaiacol,  212,  250. 
Guaiacum  Resin,  312. 
Guanidine,  53,  173. 
Guanine,  171. 
Gums,  161. 

Gum-Ammoniac,  312. 

"   -Arabic,  161. 

"   -Benzoin,  240. 

"   -Elimi,  313. 

"  -Galbanum,  312. 
Gnn-Cotton,  162. 
Gntta  Percha,  313. 


H^matein,  335. 
Hasmatin,  346. 
Haematoxylin,  335. 
Haemoglobin,  343,  346,  348. 
Halogen  Derivatives  of  Ethane,  77. 

"  "         "  the  Hydrocarbons, 

180. 

Harmaline,  328. 
Harmine,  328. 
Helenine,  308. 
Helleborein,  332. 
Helleboresin,  332. 
Helleboretin,  332. 
Helleborin,  332. 
Hemi-Mellitic  Acid,  268,  290. 

"     Pinic  Acid,  322. 
Hemp-Oil,  152. 
Heptane,  175. 

Heptyl  Alcohol,  normal,  148,  183. 
Heptylic  Acid,  190. 
Hesperidin,  831. 
Hesperitin,  331. 
Hesperitinic  Acid,  331. 
Hexa-Chloretliane,  78. 
"    -Brombenzene,  206. " 
"   -Hydrophthalic  Acid,  278,  279. 
"    -Hydropyridin,  328. 
"   -Methyl-Benzene,  275,  287. 
"     Carbinol,  183. 
Hexane,  175. 

"      Compounds,  145. 
Hexyl  Alcohol,  145. 
"         "       Normal,  183. 
"     Butyric  Ester,  145. 
"     Iodide,  Secondary,  147. 
Hexylene,  178. 
Hippuramide,248. 
Hippuric  Acid,  247,  248. 
Homologous  Hydrocarbons,  176. 

"         Series,  13. 
Hyaenic  Acid,  188. 
Hydanto'ic  Acid,  170. 
Hydantolne,  169,  170. 
Hydrazine  Compounds,  46,  226. 
Hydnizo-Benzene,  223,  224,  287. 

"      Benzoic  Acids,  244. 
Hydro-Alizarin,  303. 
"   -Atropic  Acid,  268. 
"   -Benzamide,  238. 
"   -Benzoic  Acid,  278. 
"    -Benzoin,  238. 
"   -Berberine,  327. 
"   -Caffe'ic  Acid,  273. 


Hydro-Cinnamic  Acid,  268,  271,  291. 
"  -Cobalticyanic  Acid,  59. 
"   -Cumaric  Acid,  273. 
"   -Cumarin,  273. 
"    -Cyanic  Acid,  53. 
"   -Ferricyanic  Acid,  58. 
"    -Ferrocyanic  Acid,  57. 
"   -Mellitic  Acid,  279. 
"   -Phthalic  Acid,  278. 
"  -Pyromellitic  Acid,  278- 
"   -Quinone,  212. 
"         "       Green,  214. 
"   -Sorbic  Acid,  190. 
"   -Terephthalic  Acid,  278. 
"   -Umbellic  Acid,  274. 
Hydrocarbons,  12,  20,  174. 

Action  of  Chlorine  on,  176. 
Action  of  Sodium  on  the 
Iodo-Compcunds  of,  176. 
Aromatic,  Direct  Replace- 
ment of  Hydrogen  in,  198. 
Aromatic,  Isomers  of,  231. 
Fatty,  Direct  Replacement 
of  Hydrogen  in,  198. 
"  Formation  from  Acids,  33. 

Formation  of,  175. 
"  General  Reactions  of  the 

Chlorides,  etc.,  20. 
"  Halogen  Derivatives  of,  180. 

"  Homologous,  176. 

"  Hydroxyl-Substitutions  of, 

22. 

"  Metallo-Compounds  of,  195. 

Metallo-Compouuds  of, For- 
mation of,  195. 
"  Normal,  176. 

"  Saturated,  Formation  from 

Unsaturated,  178. 
Syntheses  of,  369. 
"  Union  of  Unsaturated  with 

Halogens,  178. 
Unsaturated,  177. 
"  Unsaturated,  Formation  of, 

177. 

Unsaturated,  Polymeriza- 
tion of,  178. 
"  Unsaturated,  Union  with 

Halogen-Hydric  Acids, 
178. 

*'  Unsaturated,  Union  with 

Sulphuric  Acid,  178. 
Hydrogen  Ammonium  Tartrate,  137. 
"       Basic,  31. 
"        Estimation,  2,  351. 

Potassium  Tartrate,  137. 
Ilydroxybenzoic  Acids,  236,  253. 
"      -Butyric  Acid,  132. 
"      -Cinnamic  Acid,  272. 
"      -Ethylsulphuric  Acid,  82. 
"      -Benzene,  207. 

"      -Phenylamido-propionic  Acid,342. 
"      -Salicylic  Acid,  255,  256. 
Hydroxy],  20. 

"       Derivatives  of  the  Fatty  Series, 
182. 

"       Substitutions  of  Ethane,  80. 

"  Hydrocarbons, 
22. 
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Hydurilic  Acid,  168. 
Hyocholic  Acid,  32,  340. 

"  Glycocholic  Acid,  340. 

"  Taurocholic  Acid,  340. 
Hyoscyaminc.  326. 
Hypogseic  Acid,  190. 
Hypoxauthine,  170. 


Iceland  Moss,  338. 
Icterus,  341. 
Imides,  42. 
Imido-Group,  42. 
Imido-urea,  52. 
Indican,  279,  282. 
Indigo,  279. 

"     -Blue,  280,  282,  285,  286. 

"     -Group,  279. 

"     -While,  279,  280,  281,  286. 
Indigotindisulphonic  Acid,  280. 
Indole,  282,  283. 
lndoxyl,  285,  286. 

Sulphuric  Acid,  282. 
Indoxolic  Acid,  284. 
Indoxylic  Ethyl  Ester,  283. 
Inosite.  163. 

Inverse  Substitution,  376. 
Inverted  Sugar,  158. 
Inulin,  160. 

Iodides  of  the  Hydrocarbons,  General  Re- 
actions of,  20. 
Iodine,  Action  of,  on  Organic  Compounds, 
375. 

"     Estimation,  2,  357. 

"     Green,  259. 
Iodo- Anilines,  222. 
"  -Cyan,  59 
"  -Form,  19. 

"  -Hydric  Acid,  Action  of,  182. 
• "  -Hydric  Acid,  Action  of,  on  Organic 

Compounds,  377. 
"  -Methyl,  17. 
Isanthraflavic  Acid,  304. 
Isatid,  281. 
Isatin.  281,  282. 
Isatinic  Acid,  2R1,  283. 
Isatogenic  Ethyl  Ester,  283. 
Isethionic  Acid,  82. 
Isobutane,  126. 
Isobutyl  Alcohol,  128,  182. 

"      -Amine,  140. 

"      -Benzene,  275,  291. 

"       Carbinol,  142. 
Chloride,  127. 

"      -Dimethyl  Carbinol,  183. 

"       Formic  Ester,  192. 

"       Iodide,  127. 

Aldehyde,  128,  131.  186. 
Iso-Butyric  Acid,  128,  131,  132,  187. 
"  -Caproic  Acid,  187. 
"  -Crotonic  Acid,  139,  190. 
"  -Cyanbenzene,  227,  228. 
"  -Cyanides,  194. 
"        "       Formation  of,  194. 
"  Disulphocarbonic  Acid,  37. 
"  Hydrobenzoi'n,  238. 
"  -Malic  Acid,  136. 
"  -Phthalic  Acid,  264,  290. 


Iso-Picric  Acid,  210. 

"  -Propyl  Alcohol,  109,  120,  130,  182. 

"      "     -Amine,  125,  192. 

"      "     -Benzene,  230,  267,  291. 

"      "      Bromide,  108. 

"      "      Carbinol,  128. 

"      "      Chloride,  108. 

"      "      Compounds,  107. 

"      "     -Dimethyl  Carbinol,  145,  183. 

"      "     -Glycol,  114,  184. 

"      "     -Glycollic  Acid,  114. 
"      Iodide,  1(!7,  108,  120. 

"      "     -Methyl  Ctirbinol,  142,  182. 

"      "    -Methyl-Ketone,  142,  187. 

"  -Purpuric  Acid,  210. 

"  -Succinic  Acid,  133,  134,  191. 
Isomerism,  9. 

"        between  Disubstilutions  of 
Benzene,  200. 
Itaconic  Acid,  146. 


Jalap,  312. 
Jalapin,  332. 
Jalapinol,  332. 
Jervine,  327. 


Keratrine,  349. 
Kerosene,  179. 

Ketones,  112,  113,  187,  239,  323. 

"      Aromatic.  241. 

"      Condensation  of,  187. 

"      Formation  of,  187. 

"      Formation  of,  from  Acids,  191. 

"      Mixed,  112. 

"      Oxidation  of,  187,  364. 

"      Syntheses  of,  372. 
Koumis,  159. 
Kyanmethyl,  60. 


IiACTAMic  Acid,  116. 
Lactamidc,  116. 
Lactic  Acid,  114,  190. 
Lactic  Ferments,  156. 
Lactide,  115. 
Lactose,  157. 
Lanthopine,  320. 
Lard,  150. 
Laudanine,  320. 
Laudanosine,  320. 
Laurie  Acid,  149,  188. 
Lead,  Sugar  of,  89. 

"     Acetate,  Basic,  90. 

"     Formate,  34. 

"     Tetramethyl,  72. 
Lecithin,  119,  346. 

'•       Constitution  of,  348. 
Leek-Oil,  309. 
Legumin,  343. 
Legumin-Casein,  348. 
Lemon-Oil,  308,  310. 
Lepidine,  315 
Leucaniline,  258. 
Leucic  Acid,  145,  190. 
Leucin,  145,  342. 
Lc-ucorosolic  Acid,  260,  261. 
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LevotartarJc  Acid,  138. 
Levulosan,  157. 
Levulose,  157. 
Lichen-compounds,  333. 
Lichen-Red,  333. 
Lichenin,  160. 
Life,  Animal,  350. 

"    Vegetable,  350. 
Ligrolne,  180. 
Linolei'c  Acid.  150. 
Linseed-Oil,  152. 
I  ittnus,  249. 
Log- Wood,  335. 
Lophine,238. 
Lutidine,  314. 
Lycine,  328. 


Magnesium  Citrate,  147. 

Lactate,  116. 
Methyl,  72. 
Maize-Starch,  160. 
Male'ic  Acid,  140. 
Malic  Acid,  133,  134,  191. 
Malonylurea,  168. 
Malonic  Acid,  114,  116,  117,  191. 
Maltose,  160. 
Mandelic  Acid,  262,  290. 
Manna,  147. 
Manna-Ash,  147. 
Manna,  Syrian,  159. 
Mannite,  147. 
Mannitic  Acid,  147. 
Mannol,  184. 
Margaric  Acid,  188. 
Marjoram-Oil,  309. 
Marsh-Gas,  15. 
Mastic,  312. 
Mauve'ine,  260. 
Meconic  Acid,  322. 
Meconine,  320, 322. 
Melamine,  66. 
Melilotic  Acid,  273. 
Melissic  Acid,  1S8. 
Melitose,  159. 
Melizitose.  149. 
Mellitic  Acid,  275,  279,  290. 
Mellophanic  Acid,  275,  290. 
Menthol,  308. 
Mercaptans,  36. 

"  Derivation  of  Name,  36. 
Mercuric  Fulminate.  67. 

"       Cyanide,  55. 

Ethyl,  105,  195. 

"       Meth\l,  72,  195. 

"       Meihvl  Iodide,  72. 
Oxalate,  99. 
Phenyl,  228. 
Mesnconic  Acid,  146. 
Mesitylene,  111,  266,279,  291. 
Mesitylenic  Acid,  267. 
Mesir'vl  Oxide,  111. 
Mesoxalic  Acid,  121, 165. 
Mesoxylurea,  167. 
Metacresi  >1,  235. 
Met;i-di-amido-benzene,  226. 
Metahydroxybenzoic  Acid,  253. 
Metaldehyde,  84. 


Metallo-Compounds  of  Hydrocarbon?,  159. 
u  *•«  "  For- 

mation of,  195. 
Metals,  Compounds  of.  with  Methane,  72. 
Meta-nitrobenzoic  Acid,  244. 
Metastryolcne,  271. 
Meta-substitutions  of  Benzene,  201. 
Metasulphobt  nzoic  Acid,  253. 
Metetarlc  Acid.  136. 
Metatoluic  Acid.  262. 
Methacrylic  Acid.  139. 
Methaldehyde,  186. 
Methane,  15,  48,  174.  203,  240. 

"     Antimony  Derivatives  of,  71. 

"     Arsenic  Derivatives  of,  70. 

"     Compound  Ethers  of,  72. 

"     Esters  of,  72. 

"     Nitrile  of,  53. 

"    Nitrogen  Substitution-products  of, 
40. 

"     Phosphorus  Derivatives  of,  67. 
"  Suiphosubstitution-productsof,36. 
Methenyldiphenyldiamine,  218. 
Methyl  Acetic  Ester,  192. 
"    -Acrylic  Acid,  190. 
"     Alcohol,  23,  182,  199. 
"     Aldehyde,  29,  34. 
"    -Amine,  192,  199. 
"    -Amylbenzene,  291. 
"    -Amylketone,  92. 
"    -Aniline,  216.  217. 
"    -Arsinic  Acid,  71. 
"    -Benzene,  204,  230, 231, 279,  287, 291. 
"    -Benzoic  Ester,  243. 
"    -Boric  Ester,  73. 
"    -Bromide,  16. 
"    -Butyl  Carbinol,  183. 
"    -Butylketone,  113. 
"    -Butyric  Ester,  192. 
"    -Carbinol,  130. 
"    -Carbylamine,  60. 
"    -Chloride,  16. 
"    -Chloroform,  78. 
"     Compounds  of  the  Metals,  72. 
"    -Crotonic  Acid,  144. 
"     Cyanate,  60,  195,  220. 
"     Cyanic  Ether,  63. 
'•     Cyanide.  60.  94.  101,  194. 
"     Cyanuric  Ether,  63. 
"     -Di  ethyl  Carbinol,  145,  183. 

Ether,  28,  184. 
"     -Ethylacetic  Acid,  143. 
"     -Ethylamine,  192. 
"     -Ethylbenzenes,  230,  266,  267,  291. 

"         Acids  derived  by 
Oxidation  of,  267. 
"     -Ethyl  Carbinol,  127,  130. 
"     -Ethyl  Ether,  84,  184. 
"     -Ethyl  Ketone,  112,  128,  131,  187. 
"      Formic  Ester.  191. 
"     -Glycocoll,  172. 
"     -Guanidine.  172. 

Hydride,  15. 
"      Iodide.  17. 
"      Isocyanate.  195. 
"      Isocyanic  Ether,  63. 
"      Isocyanide,  60,  194. 

Isopropyl  Carbinol,  142,  182. 
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Methyl  Isopropylketone,  142,  187. 
Malonic  Acid,  134. 

"      Mercaptan,  36.  199. 
Mercury  Iodide,  72, 

"     Mustard-Oil,  64,  195,  220. 

"     -Naphthalene,  299. 

"     -Nitrolic  Acid,  66. 

"     -Nitroso-Amine.  46. 

"      Nitrous  Ester,  199. 
Oxide,  28. 
Oxalic  Ester,  100. 

"     -Phenyl  t  'arbinol,  241. 

"      Phenyl  Ether,  210. 

"     -Phenyl  Ketone.  233.  241. 

"     -Phosphinic  Acid,  68. 

"     -Phosphine,  68. 

"    -Phosphoninm  Iodide,  61,  68. 

"     -Piperidine  328. 

"      Propionic  Ester,  192. 

"     -Propylbenzene,  230,  274,  291. 

"     -Propyl  Carbinol,  19,  142,  182. 

"     -Propyl  Ketone,  92. 

"     -Pyridine,  314. 

"    -Oxalic  Acid,  100. 
Salicylic  Ester.  252. 

"      Silicic  Ester,  73. 

"    -Sulphaldehyde,  36,  106. 

"     Sulphate,  Primary,  28. 

Neutral,  28. 

"     -Sulphhydrate,  36. 

"      Sulphide,  36. 

"     Sulphocyanate,  195. 

"      Sulphocyanic  Ether,  64. 

"     -Suiphonic  Acid,  195,  199. 
Sulphuric  Acid,  28.  39.  72. 

"      Sulphuric  Ester,  28,  73. 

"      Sulphurous  Ester,  199. 

"     -Theobromine,  171. 

"     -Thiocarhamine,  64. 

"    -Uramine,  172. 

"     -Urea,  51. 

"     -Violet,  259. 

"     Zinc-Iodide,  72. 
Methylal,  29,  30. 
Methylated  Spirit,-23. 
Methylene  Chloride,  17. 
"         Bromide,  17. 
"         Dimethoxide,  29. 
"         Iodide,  17. 

Snlphonic  Acid,  39, 195. 
Migration,  Atomic,  380. 
Milk-Casein,  348. 
Milk-Sugar,  158. 
Mono-Acetin,  118. 

"   -Basic  Acids,  31,  239. 

"   -Brom  Acetic  Acid,  98. 

"       "    -AnisoTl.  210. 

"       "   -Benzene,  205. 

"       "   -Camphor,  306. 

"       "    -Methane,  16,  77. 

"       "    -Succinic  Acid,  134. 

11       "    -Chloracetone,  111. 

"       *'   -Acetic  Acid,  95,  97. 

«        "   -Acetyl  Cliloride,  97. 
«■   -Aldehyde,  87. 

"       "    -Benzene,  204. 

"       "   -Benzoic  Acid,  243. 

"       "   -Benzyl  Chloride,  232,  233. 


Mono-Brom-Benzyl  Dichloride,  232. 

"       "    -Ethane,  77. 

"       "    -Ether,  84. 

"       "    -Ethylene,  79. 

"       "    -Ethylene  Chloride,  7S. 

"       "    -Ethylidene  Chloride,  78. 

"       "    -Hydrin,  119. 

"       "    -Methane,  16. 

"       "    -Naphthalene,  294,  295. 

"       "    -Naphthalene  Tetrachloride,295 

"       "    -Nitrophenol,  210. 

"       "    -Phenol,  209. 

"       "    -Phenylchloroform,  232. 

"       "    -Quinone,  213. 

"       "    -Toluene,  232,  233,  243. 

"       "    -Glycerol,  118. 

"    Hydric  Alcohols,  182. 

"   -Iodobenzene,  206. 

"      "   -Ethane,  77. 

"      "  -Methane,  17. 

"      "  -Propionic  Acid,  124. 

"   -Methyl-Arsenic  Dichloride,  70. 

"   -Nitro-Anisoil,  210. 

"   -Nitrophenol,  209, 227. 

"   -Nitrotoluenes,  234. 

"   -Phenylurea,  220. 

"   -Resorcinol-Phthalein,  265. 

"   -Snlphocarbonic  Acid,  37. 

*'   -Sulphocar'nonic  Ester,  38. 
Morphine,  320. 

Acetate,  321. 
"        Hydrochloride,  321. 
"        Sulphate,  321. 
Mordanting,  302. 
Mucedin,  345. 
Mucic  Acid,  148,  158,  316. 
Mucilage,  162. 
Mucin,  3.50. 
Mucous  Ferment,  156. 
Mucus,  Vegetable,  162. 
Murexide,  16S. 
Muscle-Protoplasm,  345. 
Mustard-Oil,  309. 

"   par  excellence,  124. 
Mycose,  159. 
Myosin,  343,  345. 
Myricyl  Alcohol,  150,  184. 
Myristic  Acid,  149,  188. 
Myronic  Acid,  331. 
My  rosin,  331. 
Myrrh,  313. 


Naphthalene,  292,  294. 

"        Aciiou  of  Chlorine  on,  294. 
"        Action  of  Nitric  Acid  on,  295, 
296. 

"        -Dicarboxylic  Acids,  299. 

"         Dichloride,  294. 

"         Di-Substitutions  of,  293. 

"        -Disulphonic  Acid,  297. 

"  Double  Compounds  with  Hy- 
pochlorous  Acid,  299. 

"         Mono-Substitutions  of,  293. 

"  Nomenclature  of  the  Substi- 
tutions of,  294. 

"        Oxidation  of.  263. 

"        Reduction  of,  299,  300. 
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Naphthalene  Sulphonic  Acid,  296,  297. 

"         Tetrachloride,  294. 

"        -Tetrasulphonic  Acid,  297. 

"         Tri-substitutions  of,  293. 

"         Yellow,  297,  298. 
Naphthalidine,  299. 
Naphthazarin,  298. 
Naphthene  Alcohol.  299. 
Napththoic  Acid,  299. 
Naphthol-Disniphonic  Acid,  226. 
Naphthols.  297. 

■'       Derivatives,  297. 
Naphtholsnlphonic  Acid,  298. 
Naplithoquinone,  298. 
Narcei'ne,  320. 
Narcotine.  320,  322. 
Neurine,  105,  32S,  347. 
Nicotinic  Acid,  320. 
Nicotine,  319. 
Niter,  Spirits  of,  83. 
Nitraniline,  206,  222. 

Nitric  Acid,  Action  of,  on  Organic  Com 
pounds,  378. 

"    Ethyl  Ester,  83. 

"     Glycol  Ester,  96. 
Nitrile  of  Methane,  53. 
Nitriles,  43. 
Nitrin,  119. 

Nitro-Amidobenzene,  206. 
"   -Barbituric  Acid,  168. 
"    -Benzaldehyde,  237. 
"   -Benzene,  206,  223. 
"   -Benzene,  Reduction  of,  215 
■'    -Benzoic  Acids,  244. 
"    -Cellulose ,  162. 
"  -Chloroform,  (16. 
"   -Coccusic  Acid,  336. 
"    -Compounds,  44,  195. 
"    Distinction  from  Nitrous  Esters,  199, 
366. 

"     Formation  of,  195. 

"   -Cyanmettwue,  67. 

"   -Dracylic  Acid,  235,245. 

"   -Dulcite,  148. 

"   -Ethane,  105. 

"   -Form,  66. 

"   -Glycerine,  119. 

"  -Group,  Action  of  Reducing  Agents 
on,  206. 

"    Group,  Replacement  Through  Diazo 

Compound,  225. 
"   -Mannitc,  147. 
"   -Methane,  66,  199. 
"  -Naphthalene,  295. 
"   -Prussidcs,  58. 
"   -Styrolenes,  271. 
"   -Tartaric  Acid,  136. 
Nitrogen,  Estimation,  2. 

"       Substitution  Products   of  Me- 
thane, 40. 
"       Substitutions  of  Ethane,  104. 
Nitroso-Barbituric  Aii  1,  168. 
-Compounds,  2U). 
"     -Oxindole,  282. 
Nitrous  Est°-rs,  Difference  Between,  and 
Nitro-Compounds,  199. 
"       Ethyl  Ester,  83. 
"       Ethyl  Ether,  83, 


Nitrous-Methyl  Ester,  199. 
Nonane,  175. 
Nonyl  Alcohol,  183. 
Nonylic  Acid,  190. 
Normal  Alcohols  129. 

Amyl  Alcohol,  141,  182. 

"        "    Bromide,  141. 

«        "    Chloride,  141. 
"    Iodide,  141. 

"     Butyl  Alcohol,  127. 

"     Butyl  Chloride.  126. 

"     Butyl  Iodide.  127. 

"     Butyraldehyde.  131. 

"     Heptyl  Alcohol,  148. 

"     Hydrocarbons,  176. 

"     Valeraldehyde,  142 

"     Valerianic  Acid,  143. 
Nutmeg-Oil,  309. 


Octane,  175. 

Octyl  Alcohol,  Normal,  183. 

"         "      Secondary,  148. 
Octylic  Acid,  190. 
OEnanthaldehyde,  148,  186. 
CEnanthanylic  Alcohol,  148. 
OZnanthole,  J$8- 
CEnanthvlic  Acid,  148,  188. 
Oil-Acids,  110. 
Oils,  150. 

"    Essential.  308. 
Oil  of  Amber,  308. 

"    "  Anise,  209,  311. 

"    "  Bergamot,  308. 

"    "  Bitter  Almonds,  309,  311. 

"    "  Cajeput,  308. 

"   "  Camomile,  309. 

"    "  Caraway,  309,  310. 

"   "       "       Roman,  310. 

"   "  Cardamom,  308. 

"    "  Cinnamon,  309,  311. 

"    "  Cloves,  309,  310. 

•'    "  Cubebs,  308. 

"    "  Curled  Mint,  309. 

"    "  Flag,  309. 

"    "  Fennel,  309,  311. 

"   "  Leeks,  309. 

"    "  Lemons,  308,  310. 

"    "  Marjoram,  309. 

"    "  Mint,  K09. 

"    "  Mustard,  309. 

"    "  Nutmeg,  309. 

"    "  Orange-Peel,  308. 

"    "  Parsley,  309,  311. 

"    ''  Peppermint,  309. 

"    "  Rose,  309. 

"    "  Rosemary,  308. 

"    "  Rue,  309. 

"   "  Sage,  309. 

"    "  Savin,  308. 

"    "  Spoon  wort,  309,  311. 

"    "  Tansy,  309. 

"    "  Thyme.  309,  311. 

"    "  Turpentine,  308,  309. 

"    "  Valerian  309,  310. 

"    "  Wormwood,  309,  311. 

defiant  Gas,  75. 

Olefines,  178. 
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Oletn,  118,  150,  151. 
Oleic  Acid,  149,  190. 
Olive-Oil,  152. 
Opianic  Acid,  322. 
Opium- Bases,  320. 
Orange-Peel  Oil,  308. 
Orcein,  24!),  333. 
Oicin,  249. 
Orcinol,  249.  333. 
Oreoselon,  339. 
Organic  Bases,  317. 

Chemistry,  Definition  of,  1. 
Orsellic  Acid,  &33. 
Ors.  llinic  Acid,  334. 
Ortho-Acetic  Acid,  89. 

"    -Carbonic  Methyl  Ester,  34. 

"    -Cresol,  235. 

"    -Formic  Acid,  31. 

"    -Nitro  Benzoic  Acid,  235,  244. 

"       "   -Cinnamic  Acid,  282,  283. 

"       "    -Phenylacetic  Acid,  282. 

"       "   -Phenylacetylene,  285. 

"        "    -Phenylpropiolic  Acid,  283,  286. 

"        "   -Phenylpropiolic  Ethyl  Ester, 
283. 

"    -Substitutions  of  Benzene,  201. 
"    -Tolnic  Acid,  262. 
Ostruthin,  339. 

Oxalic  Acid,  98,  101, 158, 162.  191,  213. 

'•       "     Amido-Snbstitutions  of,  100. 

"       "     Esters  of,  99. 
Oxalic  Ethyl  Ester,  100. 

"     Methyl  Ester,  100. 
Oxalantine,  169. 
Oxalurea,  161. 
Oxaluric  Acid,  165, 166,  169. 
Oxalylurea,  369,  170. 
Oxamic  Acid,  100. 
Oxamide,  100. 

"       Chlorine  Derivatives  of,  101. 
Oxidation,  364. 
Oxides,  Organic,  26. 
Oxindole,  282. 
Oxvbenzoic  Acid,  245,  253. 
Oxybutyric  Acid,  132. 
Oxygen,  Estimation,  2. 
Oxyneurine,  105,  347. 


Palmitic  Acid,  149,  188. 
Palmitin,  150,  151. 
Palm-Oil,  152. 
Pancreatin,  344. 
Papaverine,  320. 
Paper,  Parchment-,  162. 
Parabanic  Acid,  165,  166,  169,  170. 
Paraconic  Acid,  146. 

"   -Conine.  319. 

'•    -Cresol,  235. 

"   -Cyan,  66. 

"   -Cyanogen,  66. 

"   -Ethylmethylbenzene,  268. 

"   -Globulin,  345. 

41   -Hydroxy-benzaldehyde,  254. 

"        "       -Benzoic  Acid,  254. 

"        "       -Salicylic  Acid,  255, 256. 

"    -Lactic  Acid.  116,  190. 

"    -Albumin,  344. 


Para- Aldehyde,  84. 
"   -Leucaniline,  288. 
"   -Methylethylbenzene,  268. 
"   -Nitrobenzoic  Acid,  244. 
"   -Rosaniline,  288. 
"   -Substitutions  of  Benzene,  201. 
"   -Toluic  Acid,  262. 
;'  -Oxybenzaldehyde,  254. 
"   -Oxvbenzoic  Acid,  251,  254. 
"    -Xylic  Acid,  267. 
Paraffines,  116,  119. 
Param,  06. 
Paramyliu,  160. 
Parchment-paper,  162. 
Parsley-Oil,  309,  311. 
Parvoline.  314. 
Pectine  Substances.  163. 
Pelargonic  Acid,  149,  188. 
Peniabombenzene,  206. 
"   -Chloracetone,  111. 
"       "   -Benzene,  205. 
"       "   -Benzyl  Chloride,  232. 
"       "    -Benzyl  Dichloride,  232. 
"       "   -Ethane,  18. 

"   -Toluene,  232. 
"    -Methylrosaniline,  260. 
"         "    Ethol,  183. 
"         "   -Rosaniline,  260. 
Pentaue,  174. 

"      Compounds,  141. 
Pentylene,  177,  178. 
Peppermint-camphor,  308. 
Peppermint-Oil,  309. 
Peptones,  343. 
Perchlor-Acetone,  111.  * 
"     -Benzene,  205. 
"     -Chrysoquinone,  305. 
"     -Ethane,  78. 
"     -Ether,  84. 
"     -Naphthalene,  295,  298. 
"     -Phenol,  209. 
Peru,  Balsam  of,  272. 
Petroleum,  179. 
Peucedanin,  339. 
Phenanthraqninone.  301.  ■ 
Phenanthrene,  300,  301. 
Phenetoil.  210. 
Phenol,  207,  225.  287,  289. 

"      Dihydroxyl  Derivatives,  289. 
"     -Disulphonic  Acid,  211. 
"     -Methyl  Ether.  210. 
"     -Phthalein,  264,  287. 
"     -Phthalidin,  265. 
"     -Phthalin.  264. 
"     -Sulplxmic  Acids,  211. 
"     -Trisul phonic  Acid,  211. 
Phenols,  Acid  Properties  of,  239. 

"      Action  of  Reagents  upon,  208. 
Pheno^e,  277. 
Phenyl,  204. 

"     -Acetic  Acid,  247,  262,  290. 

"     -Acetylene,  271. 

"     -Acrylic  Acid,  291. 

"     -Allyl  Alcohol,  269. 

"     -Amido-acetic  Acid.  239. 

"     -Amido-acetic  Nitrile,  238. 

"     -Angelic  Acid,  270. 

"     -Benzoic  Ester,  243. 
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Phenyl-Benzyl  Ketone,  238. 

"     -Chloroform,  232. 

"      Cyanate,  220,  221. 

"      Cyanic  Kther,  221. 

"      Disulphide,  211. 

"      Ether,  2111. 

"     -Ethylene,  271.  - 

"      Ethyl  Ether,  210. 

"     -Formic  Acid,  239,  290. 

"     -Glycollic  Acid,  238,  262,  263,  290, 

"     -Glycollic  Kitrile,  238. 

"     -Glyoxylic  Acid,  263. 

"     -Hypo-phosphorous  Acid,  228. 

"     -Isocrotonic  Acid,  270. 

"      Mercaptan,  211. 

"      Methyl  Carbinol.  241. 

"      Methyl  Ketone,  241. 

"      Mustard-Oil,  220,  222. 

"      Oxychloride,  228. 

"     -Phospliine,  228. 

"     -Phosphinic  Acid,  228. 

"     -Propionic  Acid,  271,  291. 

"      Sulphide,  211. 

"      Sulphydrate,  207,  211. 

"     -Thiurea,  219. 

"     -Urea,  219. 
Phenylenaldehydine,  223. 

"  Diamine,  222. 

Phloretin,  331. 
Phloridzin,  331. 
Phloroglucin,  214,  289,  331. 
Phloroglucinol,  214. 
Phorone,  111,  307. 
Phosgen,  35. 

Phosphenyl  Chloride,  228. 

"        Tetrachloride,  228. 
Phosphines,  67. 
Phosphinic  Acids,  68,  69. 
Phosphorus,  Dimethyl,  69. 

"        Derivatives  of  Methane,  67. 

"        Estimation  of,  2,  357. 

"         Oxy  bromide, 

"  Oxychloride, 

"  -Pentachloride, 

"  Pentabroinide, 

"  Pentasulphide, 

"  Tribromide, 

"  Trichloride, 
Phrenitic  Acid,  275,  290. 
Phthalic  Acid,  262,  263,  278,  290,  296, 

Anhydride,  263. 
Physostigmine,  328. 
Picene,  2!).  301,  305. 
Picoline,  314. 
Picramic  Acid,  209. 
Picramine,  210. 
Picric  Acid,  209. 
Picroe'rythrine,  334. 
Picroerythric  Acid,  334. 
Picrotoxin.  337. 
Pimelic  Acid,  191. 
Pinaeolines,  113. 
Piuacolyl  Alcohol,  183. 
Pinacones,  113. 
Pinic  Acid,  312. 
Pinite,  148. 
Piperidine,  326. 
Piperine,  327. 


Action  of  on 
Organic 
"  Compounds, 
379,  380. 


Piperinic  Acid,  328. 
Plant,  343. 
Plant-Fiber,  161. 
Plasters,  151. 
Plumbic  Acetate,  89. 

Butyrate,  132. 
Isobutyrate,  132. 
Polychroit.  335. 
Poiy-glycollic  Acid,  98. 

"    -Glycerols,  120. 
Polymerization.  29,  373. 
Poplar-Buds,  338. 
Poppy,  320. 
Poppy-Oil,  152. 
Potash,  Bin  oxalate  of,  99. 

"      Red  Prussiate  of,  57,  58. 
"      Yellow  Prussiate  of,  56. 
Potassium  Acetate,  89. 
"        Ammelide,  66. 
*'        Antimony  Basic  Tartrate,  137. 
"        Antimonyl  Tartrate,  137. 
"        Chromicyanide,  59. 
"        Cobalticyanide,  59. 
"         Cyanate,  63. 
"         Cyanide,  54,  55. 
"         Ferricyanide,  57. 
"         Ferrocyanide,  56,  58. 
"        Hydrogen  Oxalate,  99. 
"        Hydrogen  Tartrate,  137. 
"        Hydroxide,  Action  of,  on  Or- 
ganic Compounds,  379. 
"        Isocyanate,  63. 
"        Manganocyanide,  58. 
■'         Nitroprusside,  57. 
"        Picrate,  210. 
"        Pseudo-urate,  168. 
"         Sodium  Tartrate,  137. 
"        Sulphocyanate,  64. 
"         Tartrate,  137. 
"        Trisulphocarbonate,  38. 
Potato-Starch,  160. 
Primary  Alcohols,  129. 
Propane,  107,  1?4,  269. 

"       Compounds,  107. 
Propionaldehyde,  110,  186, 
Propionic  Acid,  105,  113,  123,  187, 190. 
Propionic  Anhydride,  113. 

Ethyl  Ester.  192. 
"       Methyl  Ester,  192. 
Propionitrile.  106,  194. 
Propionyl  Chloride,  113. 
Propyl  Compounds,  107. 
"    Acetic  Ester,  192. 
"    Alcohol,  108,  123,  130,  182. 
"  -Amine,  125,  192. 
"   -Benzenes,  230.  266,  267,  268,  291. 
"         "         Oxidation  of,  267. 
"    Bromide,  108. 
"    Carbinol,  127,  130. 
"    Chloride,  108. 
"    Cyanide.  194 
"   -Di-ethyl  Carbinol,  183. 
"   -Di-methyl  Carbinol,  145,  183. 
"   -Ethyl  Carbinol,  183. 
"    Formic  Ester,  192. 
"   -Glycol,  114,  184. 
"    Glycol,  Normal,  114. 
"   -Glycollic  Acid,  114. 
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Propyl  Iodide,  108,  109. 
Isocyanide,  194. 
"     -Metl'iylbenzene,  274,  291. 

Methyl  Carbinol,  142,  182. 
"     -Sulphonie  Acid.  195. 
Propylene,  107,  120,  177,  178. 

Chloride,  108. 
"         Cyanide.  144. 
Proteids,  .342,  343,  345. 
Protein,  342. 

"      Substances,  341. 
Protocatechuic  Acid,  255,  256,  273. 

Aldehyde  Methyl  Ether, 
255. 

"  Dimethyl  Ether,  255. 

Protopine,  320. 
Protoplasm,  Mnscle-,  345. 
Prussan,  55. 
Prussian  Blue,  58. 
Prussic  Acid.  53. 
Pseiulocumene,  266.  291. 

"  "  Oxidation  products  of ,  267. 
"      Butyl  Chloride,  126. 

Butylene,  129. 
"     -Morphine,  320. 
"     -Toluidine,  257. 
"     -Uric  Acid,  168. 
Ptyalin,  344. 
Purpuric  Acid,  168. 
Purpnrin,  303. 
Puipuroxanthin,  304. 
Pyrene,  305. 
Pyridine,  314. 

Buses,  313. 
"  "     Isomers  of,  315. 

-Carboxylic  Acid.  315,  320. 
"      -Dicarboxylic  Acid.  324. 
"      -Tricarboxylic  Acid,  324. 
Pj'rocatechine,  212. 
Pyro-compounds,  364. 
•'   -Gallic  Acid,  214,  289. 
"    Gallol,  214. 

"   -Mellitic  Acid,  275,  279,  290,  322. 

"  -Mucic  Acid,  316. 

"     Aldehyde,  317. 

"   -Racemic  Acid,  93,  116,  117, 136. 

"   -Tartaric  Acid,  136,  144,  191. 

"   -Terebic  Acid,  190. 
Pyroxylin.  162. 
Pyrrole,  316. 
Pyrrole-Red,  316. 


Quassia-wood,  338. 
Qnassiin,  338. 
Quercetin,  331. 
Guercetinic  Acid,  331. 
Quercite,  148. 
Qnercitrin,  331. 
Quinazarin,  304. 
Quinhydrol,  214. 
Quinic  Acid,  325. 
Quinidine,  323,  324. 
Quinine,  323. 

Acid  Sulphate,  323. 

"      Hydrochloride,  323. 

"      Sulphate,  338. 

"       Tannate,  323. 


Quinine,  Valerianate,  323. 
Qninol,  212,  213,  289. 
Quinoline,  315,  316. 
Quinoline-carboxylic  Acid,  324. 
Quinone,  212. 

"  Bromine  Substitutions  of,  214. 
Quinotannic  Acid,  325. 


Racemic  Acid,  138. 

Rancidity  of  Pats,  151. 

Reactions,  General,  of  the  Chlorides,  etc., 
of  the  Hydrocarbons,  375. 

Reagents,  Action  of,  on  Organic  Com- 
pounds, 375. 

Reduction  of  Benzene  Derivatives,  276. 

Refining  of  Pats,  151. 

Rennet,  345. 

Resins,  311. 

Resorcme,  212. 

Resorcinol,  212.  289. 

"         -Phthaleln-anhydride,  265. 

Retene,  305. 

Retrospect  of  Benzene  Derivatives,  289. 

"       "  Fatty  Compounds,  174. 
Rhoeadine,  320. 
Rhoeagenine,  320. 
RicineTai'dic  Acid,  150. 
Ricinolei'c  Acid,  150. 
Rigolene,  180. 
Rigor  Mortis,  345. 
Rocellic  Acid,  191. 
Rochelle  Salts,  137. 
Rosaniline,  258. 
Rosaniline  Hydrate,  259. 

"        Tri-hydrochloride,  258. 
Roman  Caraway-Oil,  310. 
Rosemary-Oil,  308. 
Rose-Oil,  309,  311. 
Rosin,  312. 
Rosolic  Acid,  260. 
Rue-Oil,  309. 
Ruficoccin,  336. 
Rufigallic  Acid,  304. 
Rufiopin,  304. 


Saccharic  Acid,  147,  148,  158. 

Saccharose,  157. 
Safflor,  335. 
Sage-Oil,  309. 
Saleritin,  330. 
Salicin,  253,  330. 
Salicyl  Alcohol,  250. 

"     -Aldehyde,  250. 

"     -Amide,  253. 

"      Anhydride,  253. 

"     -Imide,  253. 
Salicylic  Acid,  243,  252,  272. 

"         "    Bromine  Substitutions  of, 
253. 

"        "     Chlorine  Substitutions  of, 
253. 

"        "   Iodine  Substitutions  of ,  253. 
Methyl  Ester,  252. 
Salicylous  Acid,  251. 

Alcohol,  251. 
Aldehyde,  251. 
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Saligenin,  250,  251. 
Saliretin,  251. 
Salts,  32. 

"    Organic,  32. 
Sandal-Wood,  335. 
Santalin,  335. 
Santonin,  337. 
Saponification,  119. 
Saponin,  332. 
Sarcine,  170. 
Sarcolactic  Acid,  116. 
Sarsaparilla,  339. 
Saturated  Compounds,  13. 

"       Hydrocarbons,  Formation  from 
Unsaturated  do.,  178. 
Savin-Oil,  308. 
Sebacic  Acid,  191. 
Secondary  Alcohols,  112, 129. 

Butyl  Alcohol,  127,  129,  130, 182. 

"  "    Carbinol,  142. 

"  "    Chloride,  126. 

"  "    Iodide,  127. 

"       Hexyl  Iodide,  147. 

"       Octyl  Alcohol,  148. 
Srrum-Albumin,  343. 
Shellac,  312. 

Side-Chain,  202,  229,  230. 

"      Oxidation  of,  231,  365. 
Silico-acetic  Acid,  70. 
Silk-Fibrin,  350. 
Silver  Cyanide,  55. 

"    Fulminate,  67. 

"    Oxalate,  99. 
Sinapine,  104,  328. 
Sinapoline,  124. 
Smilacin,  339. 
Soaps,  151. 
Sodium  Acetate,  89. 

"      Aceto-acetic  Ester,  91. 
Alloxide,  122. 

"      Ethylaceco-acetic  Ester,  92. 

'•      Formate,  34. 

"      Hydroxide,  Action  of  on  Organic 
Compounds,  379. 

"      Methoxide,  27. 

"      Nitromethane,  66. 

"      Nitroprusside,  58. 

"      Potassium  Tartrate,  137. 

"      Salicylate,  252. 

"      Santonate,  337. 
Solanidine,  329. 
Solanine,  329. 
Sorbin,  163. 
Spanish  Klies,  388- 
Sparteine,  320. 
Spermaceti,  150. 
Spirit  of  Niter,  83. 

"     "  Wine,  80. 
Spoonwort-Oil,  309,  311. 
Starch,  159. 

"     Arrow-Root,  160. 

"     Maize,  159. 

"     Nitric  Ester,  160,  162. 

"     Potato-,  160. 

"     Wheat-,  160. 
Stearic  Acid,  149,  188. 
Stearin.  118,  150, 151. 

"      Candles,  149. 


Stilbene,  239,  301. 
Storax,  312. 

Balsam,  269. 
Strychnine,  325. 

Nitrate,  325. 
Styphnic  Acid,  212. 
Styiacin,  269,  272,  312. 
Styrene,  312. 
Styrol,  271. 
Styrolene,  271. 

Addition-Products  With  Brom- 
ine, 271. 
Styrylic  Chloride,  269. 
Suberic  Acid,  191. 
Substitution,  6. 

"        Laws  in  Relation  to  Organic 

Acids,  32. 
"  Retrogressive,  18. 

Succinamide,  133. 
Succinic  Acid,  1.33,  191,  278. 

"      Anhydride,  134. 
Succinimide,  134. 
Succinyl  Chloride,  133. 
Sucrovanillic  Acid,  330. 
Sugar,  Inverted,  158. 
"     of  Lead,  89. 
"     Refining  of,  157. 
Sulphides,  Oxidation  of  to  Sulphones, 
102. 

Sulphines,  103. 
Sulpho-Benzamic  Acid,  246. 

"    -Benzamide,  246. 

"    -Benzide,  207. 

"    -Benzoic  Acid,  246. 

"    -Benzoyl  Chloride,  246. 

"      Dichloride,  246. 

"    -Carbamic  Acid,  51. 

"    -Carbamide,  52. 

"    -Carbaminic  Acid,  51. 

"    -Carbanilamide,  219. 

"    -Carbanile,  220,  221,  222. 

"    -Carbanilidc,  219,  221. 

"    -Carbonic  Acid,  219. 

"    -Carbonyl  Chloride,  38. 

"    -Cyanates,  22,  195. 

"    -Cyanic  Ac;d.  64. 

"    -Purpuric  Acid,  280. 

"    -Substitutions  of  Ethane.  101. 

"    -Substitutions  of  Methane,  36. 
Sulphones,  Derivation  by  Oxidation  of  Sul- 
phides, 102. 
Sulphonic  Acids,  195. 

"  "    by  Oxidation  of  Mercap- 

tans,  102. 

"  "    Difference  between  and 

Sulphurous  Esters,  199. 
"  "    Distinction     from  Sul- 

phurous Esters,  366. 
"  "     Formation  of,  195. 

"     Reduction  of,  207. 
Sulphur,  Estimation,  2,  357. 

"      Tetra-Valence  of,  103. 
Sulphuric  Acid,  Action  of  on  Organic  Com- 
pounds, 377. 
Sulphuric  Ether,  83. 
Sulphurous  Acids,  39. 

"  "   Compounds  with  Alde- 

hyde and  Ammonia,82. 
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Sulphurous  Ester,  199. 

"        Esters,  Difference  between  and 
Stilphonic  Acids,  199. 

Snlphuryl,  21. 
Sylvic  Acid,  312. 

Symmetrical  Substitutions  of  Benzene,  209. 
Synaptase,  156. 
Synthesis,  367. 


Tallow,  150. 
Tannic  Acids,  255,  256. 
Tannin,  256. 
Tanning,  256. 
Tansy-Oil,  309. 
Tartar,  Cream  of,  137. 

"     Emetic,  137. 
Tartaric  Acid,  133,  136,  191,  278. 

"         "    Inactive,  137. 

"         "    Anhydride,  136. 
Tartrelic  Acid,  136. 
Tartronyl-Urea,  167. 
Tartrophthalic  Acid,  278. 
Tatronic  Acid,  120. 
Taurine,  82,  340. 
Taurocholic  Acid,  339,  340. 
Terebic  Acid,  310. 
Terephthalic  Acid,  264.  290. 
Terpenes,  179. 
Terpene  Dibiomide,  30,  310. 

Dihydrochloride,  309,  310. 

"      Monohydrochloride,  310. 
Terpin,  310. 

Tertiary  Butyl  Alcohol,  129. 

Butyl  Chloride,  127. 
"      Butyl  Iodide,  127. 
Tetra-Brom-Benzenc,  205. 
"        "   -Fluorescein,  265. 

"   -Naphthalene,  295. 
"    Chlor-Acetone,  111. 
"  -Benzene,  205. 

"       "   -Benzyl  Chloride,  232. 
"       "   -Benzyl  Dichloride,  232. 

"   -Ether,  84. 
"       "   -Ethylene,  79. 
"       "  -Methane,  20. 
"       "   -Naphthalene,  295. 

"  -Quinone,  213. 

"    -Phenylchloroform,  232. 

"   -Toluene,  232. 
"   -Ethylammonium  Hydroxide,  104. 
"      "   -Ammonium  Iodide,  104. 
"      "    -Phosplio  nium  Hydroxide,  69. 
"      "   -Urea.  51, 
"    Hydrophthalic  Acid,  278. 
"    Methylammoninm  Iodide,  47. 
"       "    -Ammonium  Hydroxide,  47, 71. 
"       "    -Arsonium  Iodide,  70. 
"       "    -Benzene,  230,  274. 
"       "    -Phosphonium  Iodide,  69. 
"        "     -Pyridine,  314. 
"       "     Silic.um.  72. 
"       "    -Stibonium  Hydroxide,  71. 
"       "    -Stibonium  Iodide,  71. 
"    Nitro-Chrysazin,  337. 
"       "   -Methane,  67. 
"       "   -Napthalene,  296. 
"   -Phenol,  317. 


Tetrol,  317. 
Thebaine,  320. 
Thebenine,  320. 
Theobromine,  171. 
Thiacetic  Acid,  103. 

"       Anhydride,  108. 
Thialdine.  84. 
Thio- Acids,  189. 
Thiosinamine,  124. 
Thiurea,  52. 
Thyme -Oil,  309,  311. 
Thymol,  275. 
Tiglic  Acid,  144,  190. 
Tin  Tetramethyl,  72. 
Titration,  89. 
Tolu,  Balsam  of,  270. 
Toluene,  229,  231.  233,  279,  391. 
"       Amido-Derivatives  of,  257. 
"       Dihydroxyl  Derivatives,  of,  249. 
"       Substitutions  of,  229. 
Toluic  Acid,  262. 
Toluidines,  217,  257. 
Toluol,  231. 
Tolyl  Alcohol,  261. 
Trehala,  159. 
Trehalose,  159. 
Tri-Acetamide,  94. 

"  -Acetin,  118. 

"  -Amido-Azobenzene,  226. 

"  -Amidobenzene,  223. 

"  -Amidonapthalene,  299. 

"  -Ainidophenol,  210,227. 

"  -Amidotriphenylmethane,  288. 

"  -Amylamine,  193. 

"  -Benzylamine,  247. 

"  -Benzylphosphine,  247. 

"  -Bromanisoi'l,  210. 

"     "    -Benzene,  205. 

"    "    -Hydrin,  122. 

"    "   -Methane,  19. 

"    "   -Naphthalene,  295. 

"  -Carballylic  Acid.  122. 

"  -Chlorphenose,  277. 

"     "    -Acetic  Acid,  88. 

"     "    -Acetone.  111. 
"    -Aldehyde,  87. 

"      "   -Benzene,  205. 

"     "   -Benzyl  Chloride,  232. 

"     "    -Benzyl  Dichloride,  232. 

"      "    -Cyan,  59. 

"      "    -Dracy lie  Acid,  234. 

"     "    -Ethane,  77. 

"     "   -Ethylene,  79. 

"     "    -Hydrin,  119,  120,  122. 

"     "   -Methane,  18. 

■'     "   -Naphthalene,  295. 
"   -Phenol,  209. 

"     "    -Phenylchloroform,  232. 

"     "   -Quinone,  213. 

"   -Toluene,  232,  234. 

»     »    -Toluene  Quinone,  250. 

"     "   -Tolnquinol,  250. 

"  -Ethylamine,  104,  192. 

"     "   -Arsine,  105. 

"     "   -Carbinol,  183. 

"     "   -Glycerol,  118. 

"     "   -Phosphine,  105. 

"     "   -Phosphinic  Acid,  105. 
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Tri-Ethyl-Stibine,  105. 
"     "     Sulphin  Iodide,  103. 
"     "     -Urea,  51. 
"  -Ethylene-Diamine,  104. 

-Glycol,  96. 
"  -Hydroxynaphthalene,  298. 
"  -Idomethane.  19. 
"  -Mellitic  Acid,  268,  290. 
"  -Mesic  Acid.  268. 
"  -Mesinic  Acid,  290. 
"  Methyl-Acetic  Acid,  144. 
"      "     -Amine,  46,  192. 
"      "     -Arsine,  70. 

"     -Benzenes,  230,  233,  266,  267,  279, 
291. 

"      "     -Benzenes,  Acids  derived  by  oxi- 
dation of,  267. 

"      "     -Bismuthine,  71. 

"      "     -Borine,  72. 

"      "      Carbinol,  129,  182. 

"      "     -Iodoethylammouium  Iodide, 
105. 

"      «'     -Oxethylammonium  Chloride, 
104. 

"      "     -Oxethylammonium  Hydroxide, 
104. 

"      "     -Phosphine,  68. 

"      "    -Phosphinic  Acid,  68. 

"      "     -Pyridine,  314. 

"      "     -Stibine,  71. 

"      "     -Stibine  Iodide,  71. 

"      "     -Xanthine,  171. 

"  -Nitrin,  119. 

"  -Nitro-Anisoi'l,  210. 

"     "   -Benzoic  Acid,  244. 

"     "  -Cresotic  Acid,  336. 

"     "   -Napthalene,  296,  299. 

"     "    -Phenol,  209,  227. 

"     "   -Resorcinol,  212. 

"  -Phenyl-Amine,  222. 
[  "      "     -Guanidine,  221. 

"      "     -Methane,  233,  266. 

"      "     -Rosaniline,  259,260. 

"  -Sulpho-Carbonic  Acids,  37. 

"      "     -Carbonic  Methyl  Ether,  47. 
Tropic  Acid,  326. 
Tropine,  326. 
Tumeric,  336. 
Tunicin,  162. 
Turkey-Red  Dyeing,  303. 
TurnbulPs  Blue,  58. 
Turpentine,  309. 
Turpentine-Oil,  308,  309. 
Tyrosine,  342. 


Umbeixiperon,  273. 
Unsatisfied  Compounds,  13. 
Unsaturated  Compounds,  121. 
"      Hydrocarbons,  177. 

"      Formation  of,  177. 
"      Polymerization  of,  178. 
"      Union  with  Halogens, 
178. 

"  Union  with  Halogen- 
Hydric  Acids,  178. 

"  Union  with  Sulphuric 
Acid,  178. 


Urea,  49. 
"    Decompositions  of,  50. 
"    Hydrochloride,  49. 
"    and  Mercuric  Oxide,  49. 
"    Nitrate,  49. 
"    and  Sodium  Chloride,  50. 
"    Substituted,  How  Produced,  51. 
Uric  Acid,  125,  164. 
"      "     Constitution  of,  167. 
"      "     Derivatives  of,  164. 
"      "     Test  for,  166. 
Uroxanic  Acid,  165. 
Usnic  Acid,  334. 
Uvitic  Acid,  268. 


Valebaldehyde,  Fermentation,  186. 

Normal,  142,  186. 
"  Ordinary,  142. 

Valerene,  310. 
Valerianic  Acid,  143,  310. 

"  "     Normal,  187,  190. 

"  "     Ordinary,  143. 

"        Ester,  310. 
Valerian-Oil,  309,  310. 
Valerian-Root,  143. 
Valeronitrile,  194. 
Valylene,  179. 
Vanillin,  255. 

Vapor-Density,  Estimation  of,  348. 
Vegetable  Albumin,  343,  348. 

"        Fibrin,  348. 

"        Life,  350. 

"        Mucus,  162. 
Veratric  Acid,  255. 
Vcratrine,  327. 
Verdigris,  90. 

"        Distilled,  90. 
Vinegar,  88. 
Violuric  Acid,  68. 
Vitellin,  343,  347. 
Vulcanite,  313. 
Vulcanized  Caoutchouc,  313. 
Vulpinic  Acid,  335. 
Volumetric  Analysis,  89. 
Volume-Weight,  Estimation  of,  358. 


WHEAT-Starch,  160. 
Wintergreen-Oil,  252,  253. 
Wood-Spirit,  23. 
Wormwood-Oil,  309,  311. 


Xanthic  Acid,  38. 
Xanthine.  170. 
Xylene,  261,  279,  291. 

"      Acids  derived  from,  261. 

"      Amido-Derivatives  of,  264. 

"      Phenols  261. 

"      Chlor-,  Brom-,  and  Iodo-Deriva- 
tivesof,  261. 
Xylic  Acid,  267. 
Xylidic  Acid,  267. 
Xylidine,  217. 
Xylidines,  264. 
Xyloldin,  160. 
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Yeast,  156. 


ZiNc-Acetate,  89. 
"   -Benzenesulphinate,  207. 
"    Effect  of  Water  on  Organic  Com- 
pounds of,  175. 


Zinc  Ethyl,  105,  195. 

"  Lactate,  116. 

"  Methyl,  195. 

"  Methyl  Iodide,  72. 

"  Phenolsulphonate,  211. 

"  Propylglycollate,  116. 

"  Valerianate,  143. 
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